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PREiFACE 



THIS Work, although issued as a seventh edition, 
will be found on a perusal by those who have read 
the preceding edition, to be practically a new work, 
embracing only so much of the matter previously 
made use of, as is necessary and desirable for the 
treatment of the subject. The wide range of expe- 
rience and observation which we have had in Steam 
Engineering, has enabled us, by investigation and 
oomTarisonf'to arrive at ma.y' Jportant conclusions 
—some of which will now be made known for the 
firist time, and which will be found fully and clearly 
scl forth ia the foUowing pages. 

The plan of this work is altogether different to 
that of any other on the Steam Engine. It is not 
intended to serve as a complete treatise on the 
steam tingine, but to discuss those principles and 
features of the subject which are of the most practi- 
cal importance for safe and economical working. 
The various -chapters will sufficiently explain them- 
selves. 

The very large portion of the work which is de- 
voted to the discussion of the subject of Compound- 
ing has been rendered necessary by the previously un- 
satisfactory and chaotic position of khe question — ^the 
views advanced having been often vague and conflict- 
ing. Whether or not all the conclusions which we 
have arrived at may be confirmed by subsequent ex- 
perience, we doubt not that the data and reasoning 
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on the subject of Compounding will be acceptable to 
Engineers, It is the first time that this question 
has been discussed in any but the most fragmentary 
manner. The materials required for working out the 
solutions of the various problems of the Compound 
Engine have been derived from independent and 
original sources. 

The chapter on Steam Jacketing is intimately 
connected with the one on Compounding, and may, 
in some measure, be regarded as a continuation of it. 

The Appendix, containing the tabulated results 
of riBsearches in many branches of physical science, 
will be found useful to Engineers and others interested 
in the subject matter exhibited. 

At the end of the volume will be found illustra- 
tions and concise descriptions of a few of the useful 
Adjuncts of the Steam Engine and Boiler, which are 
manufactured by uq. The object aimed at in the 
production of these, and of all other Boiler and 
Engine Mountings made by us, is to obtain the 
highest perfection of design, material, and workman- 
ship, which the nature of the functions they have to 
serve can suggest. 

J. HOPKINSON & Co. 



Britannia Works, 

huddbrspibld, january, 1875! 
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CHAPTEE I. 

ON THE MANAGEMENT OF THE BOILER AND 

STEAM ENGINE. 

^HE Steam Engine has exercised the mental powers of almost 
-^ unlimited number of persons for many years past, and great 
progress has been made in a knowledge of its principles. Much 
remains to be done to perfect it ; and still more, to diflFiise the 
knowledge already gained among those who are specially interested 
in its use. 

More than 2000 years have passed since Hero, of Alexandria, 
for the first time in the recorded history of the world, obtained a 
continuous rotary motion by the agency of steam. Yet the growth 
the Steam Engine, as we have it now, is practically embraced with- 
in a century. Its importance to mankind it would be almost 
impossible to exaggerate, and scarcely could have been contemplated 
by the most prophetic of our forefathers. 

The object of this work will be to treat the subject mainly from 
a practical point of view, and to diffuse such knowledge in a homely 
and understandable way as will enable the Practical Engineer, and 
those interested in the use of steam, to work it and produce the most 
economical results. We shall avoid all those abstruse disquisitions 
which only bewilder the brain, and really do not assist the practical 
man. Previous to the time of Watt the Steam Engine, although 
comprising the general principles of steam and vacuum, was of 
such a form and construction as to render its importance of no very 
great commercial value ; but by the improvements of James Watt, 
who may almost be termed its inventor, great strides were made, and 
to this day no material alteration has taken place since it left his 
hands. There are thousands of Engines at the present time con- 
B 



Buming doable the quantity of fuel they ought to, and this arises 
from a want of knowledge of the principles of the Engine, and the 
use of the Steam Engine Indicator, and as it is the province of this 
work to treat mainly on these topics, it is necessary to refer to the 

HAKAGEMENT OF THE STEAM ENGINE AND BOILER AND THE 

DUTIES OP THE ENGINEER. 

The duties of an Engineer, entrusted with the management of a 
Steam Engine and Boiler, are of more importance than at first sight 
would appear. He ought to be attentive, and conversant with all 
the details of the constructions placed under his charge, as well as 
all the special circumstances of his particular case, otherwise he will 
be liable to make mistakes, and may unwittingly cause much 
damage. 

Every part of the Engine should have his watchful eye, for the 
liability to derangement when working are so great that any direlec- 
tion of his duty might cause costly breakdowns, as well as loss in 
working economy. 

Boilers require careful and constant attention ; but under the 
control of judicious managers, with proper fittings, they are perfectly 
safe, when properly constructed. But when their construction and 
management fall into the hands of incapacity and ignorance, or where 
reckless folly and hardihood have their fall fiing, death and destruc- 
tion inevitably follow. 

As this work is intended to be of practical service to the working 
Engineer, we shall, with familiar illustrations and examples, endea- 
vour to make plain the several duties connected with his avocation. 

THE GENERAL MANAGEMENT OF THE BOILER. 

The Boiler and Furnace require the especial attention of the 
Engineer, these being the places where the power he has to apply 
and regulate is first generated, and from which the most serious 
consequences may arise, either from neglect or ignorance. The fol- 
lowing short rules for good management ought to be deeply engraven 
on the memory of everyone entrusted with the care of Steam Engine 

Boilers, viz: — 

I. — ^All dirt and lumber ought to be kept from the top of the 
boiler, and from every part of the boiler-house, and no person 
admitted into the latter, except on business. 
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II. — ^It should be ascertaiiied regnlarly, that the Boiler is in 
good condition and properly stayed, where stays are necessary, 
particularly if fixed with angle iron ; and the cotters (if any) kept 
np, and repaired as they are worn down ; and it should also be seen 
that all the fixings attached to the Boiler are well riveted on, and 
good joints made with proper cement, free from injurious compounds 
detrimental to the metal of the Boiler. All leakages ought to be 
prevented, or stopped as soon as they are discovered, or they will soon 
destroy the Boiler. The flues and the surfaces exposed to the heat 
should be kept clean. Soot and dirt are non-conductors, and cause 
a loss of fuel, besides decreasing the heat-conducting power of the 
Boiler. 

III. — See that the feed-valve is of good construction and kept 
in good working order, as from a defective feed-valve,* serious 
results may occur. A leaky feed-valve is always a source of danger 
to the Boiler, and has often been the cause of serious accidents. In 
no case should it be placed below low water level ; and see also that 
the float (if any) and glass-gauge are well attended to. The taps of 
the water gauge should be well tried at least twice a day, for if no 
low water safety valve is used, and this gauge is alone relied upon, 
the attendant may be easily deceived by the thoroughfares becoming 
choked, which is a very common occurrence, especially with some 
descriptions of water. If a self-regulating feeding apparatus is used, 
it should be closely watched, and on no account be implicitly trusted. 
Self-feeders to Boilers are liable to get out of order, from friction 
in stuffing-boxes, dirt, and other causes. Ascertain that the pipes 
axidtaps of the gauge are not made up with dirt or scale. If 
gauge taps alone are used, do not rely upon them to test the 
height of the water in the Boiler. If the water be below the tap, 
the moment the latter is opened to test the height, the water in the 
Boiler primes, and rushes to the tap, and shows water when the Boiler 
is actually short — particularly where great pressure is used. Gauge 
taps have been the cause of many Boiler explosions, from having 
deceived the attendant. Where a float is used, see that the float- 
wire is not strained, or worn to a shoulder, but kept free in the 
packing ; and when worn smaller at the foot where the wire passes 
through the Boiler, see that it be renewed with a small wire — the 
smaller the better. Where steam is at a pressure above lOlbs to the 
square inch, the common float is of little use. The float-wheel appa* 



ratns is an nnreliable contrivaiice, and the sooner it is dispensed with 
the better. In most eases with high steam they are positively dan- 
gerous, and should not be trusted. Stop-valves, or other spindle- 
valves, should be constructed so that the thread on the spindle is 
outsidey and may be seen at any time. This may be effected by 
means of a bridge-casting attached to the part through which the 
spindle-thread passes. Do not make the spindles and threads of any 
metal that will corrode and get fast, and always let them have 
such attention as they can be easily opened and closed in case of 
emergency. 

IV. — Be provided with means to prevent the steam getting to a 
greater pressure than fixed upon, should the water from any cause 
become deficient, the safety valve should let off the steam to stop 
the working, independent of any control, until water is again 
supplied in the required quantity, thus saving the Boiler from injury 
or explosion. Often ascertain that the safety valve is properly 
adjusted, and in good working condition ; avoid adopting all valves 
with pistons and complicated mechanical levers, which look well on 
paper, but are untrustworthy and unreliable in practice. Be par- 
ticular that the spindles or guides (if any) have sufficient room to 
work, and also to prevent the parts adhering. Watchful care 
should be exercised when safety valves have large, fiat, and beviled 
seatings, as they are liable to stick and become fast. Never adopt 
valves with outside fianges or mechanical means to cause them to 
lift higher from their seats : if such means have any power they 
retard their returning to their seats, at the proper pressure, and are 
thus a loss by blowing off unnecessary steam. In no case have a 
stuffing-box or spring to a safety valve. Safety valves as commonly 
made and understood, are valves simply for letting off the steam. 
Thus constructed, they are in fact only steam valves, and not safety 
valves. A properly constructed safety valve will not only liberate 
the excess of steam when the pressure is too high, but also when the 
water in the Boiler from any cause becomes too low for safe working. 
A proper safety valve is also weighted in such a manner that when 
set at the pressure beyond which it is determined the steam shall not 
rise, the weight cannot be changed or tampered with whilst the 
Boiler is at work. Dead-weighted valves are superior to those having 
levers and balls, and are less liable to accident by interference, and 
not so easily tampered with by the ignorant and mischievous. 



HoPKmsoN's Safety Valve answers all these requirements, of which 
a description will be hereafter given. 

V. — Let the length of the safety valve lever be as short as pos- 
sible, to prevent the extreme pressure you are working at from being 
increased with the same weight. When the lever of a commonly 
constructed safety valve is too long, the valve is easily tampered 
with. Indeed, the working pressure may, under such circum- 
stances, be easily increased to, or beyond, the point of danger, by the 
weight being accidentally removed on the long lever. Tampering 
or removing weights on safety valve levers is very dangerous whilst 
pressure is in the Boiler, therefore should be avoided by all but 
practical and skilful men, and then only in cases where it is 
absolutely necessary. Let the joints of the fulcrum of the lever be 
of brass or some other metal that will not corrode, or cause the parts 
to oxidize and become fast. The fittings on the Boiler should be taken 
to pieces at least once a year, cleaned, refitted, and adjusted. This 
will prevent the parts becoming corroded and adhering to each other. 
Never rely upon lever safety valves placed on a pipe outside the 
boiler-house, — in frosty and cold weather they are positively 
dangerous, — if the valve leaks a little the escaping steam condenses 
on the parts and becomes frozen, thereby rendering the valve 
inoperative, and deceiving the attendant. Where large-sized 
lever valves (or valves of large dimensions) are used no reliance 
should be placed upon them^ — they are liable to stick, and invariably 
blow only from one side, and never discharge an equal quantity of 
steam to one of a proper size, and free to act. 

VI. — Whenever from any cause the Boiler-plates become over- 
heated, open the damper and furnace doors to ihefull^ that the cold 
air may cool the Boiler. Closing the damper increases the heat in 
the flues, and by that means the danger is much greater. Lead 
plugs or fusible metal inserted in the flues, do not melt at the tem- 
perature required, after being in use a short time; they are positively 
untrustworthy ; many Boiler explosions have occurred from the very 
causes these plugs were designed to prevent. The metal may become 
hardened,* or undergo a change ; they are liable to be covered with 
scale, or choked with soot (which are bad conductors of heat), there- 
fore, place no reliance upon these contrivances ; they only tend to 
lull the proprietor of the Steam Engine and the Engineer into a 
fancied security. Above all, do not admit water into the Boiler or 



relieve the pressure suddenly y as either will cause a violent agitation 
or foaming of the water — and this, washing over the heated plates, 
will generate steam and increase the pressure quickly— creating most 
imminent danger of an explosion. Under extreme circumstances of 
this nature, the water sent into the Boiler, or that brought into 
contact with the highly heated surface, will flash into high steam, 
tending to tear everything asunder. The starting of the Engine is 
quite sufficient to produce a violent agitation of the water, by the 
pressure being relieved when the Boiler is overcharged with heat, 
and disastrous consequences may be the result. Above all, do not 
depend on open column-pipes inserted in the Boiler, as a means of 
safety from explosions-; for though they will relieve at times from 
over-pressure — to the great danger in such cases of running the 
Boiler empty — they are positively dangerous from another cause. 
It has been ascertained by experiment, that though the water in the 
Boiler may be reduced so low as to lay some of the plates bare to the 
action of the fire, the water from the pipe will not descend below a 
certain point, but will hang from the bottom of the pipe in the form 
of a cone — a striking illustration of what is known as the cohesion 
of adhesion. Should this cone, from any cause, agitation or other- 
wise, become detached from the end of the pipe, and be dispersed 
over the heated plates, the consequences above pointed out are almost 
inevitable. In fact, these open column pipes are no safeguard what- 
ever against a Boiler becoming low in water, or, indeed practically 
empty. Where a proper safety valve has been applied, these open 
stand-pipes, fusible plugs, and also water-gauging taps are wholly 
unnecessary — as; with the former appliance (Hopkinson's valve) it 
is impossible for the Boiler to become short of water and have pressure 
within it at the same time ; the prevention of danger from this cause 
being, under the circumstances spoken of, sure and certain. 

VII. — See that the dirt in the Boiler is well blown out. Some 
descriptions of water will require the Boiler cleansing every three 
hours, others not so often, according to the quality of the water. 
If this point be attended to, the Boiler will wear much longer, and 
seldom require opening ; the consumption of fael will also be much 
less. Water impregnated with earthy matter forms a scum on the 
surface, which has a great tendency to cause the Engine to prime ; 
in such cases periodical blowing off from the surface will be found of 
advantage : the deposit of scale in a Boiler is very injurious, and 



many explosions have arisen from this canse alone, There is a great 
difference in the quality of water for Steam Boiler purposes, and too 
much attention cannot be paid to this point. Some waters scarcely 
give out any deposit, whilst with others the deposit is great; and 
this is a cause of much diflBculty if not constantly removed. In 
Marine Boilers, the blowing out at stated intervals, from the surface 
and the^ bottom, prevents the deposition of salt and lime, and is the 
only thing required to keep the Boilers clean. 

VIII. — Have the feed water for the Boiler as hot as possible, and 
sent into the Boiler near the surface of the water inside. The cold 
water will descend : but before arriving at the bottom it will have 
become heated, thus tending to keep the Boiler at an even tempera- 
ture. If the water injected be low in temperature, it should be well 
distributed in the mass of water already in the Boiler, and not allowed 
to impinge on any portion of the metal of the Boiler, — or, that por- 
tion of the Boiler where the cold water thus comes into contact will 
be liable to crack and rend, from the continual action of contraction 
and expansion which such an arrangement inevitably causes. A 
pipe perforated with holes, carried for some distance into the Boiler, 
will be a sufficient means to accomplish this object. When the 
water is sent into the Boiler near the bottom, it does not rise until 
it has become heated ; and this mode of feeding therefore tends to 
keep the Boiler bottom cooler than the other portions : an evil which 
ought to be avoided. The Cornish, Double Fire-box, and Tubular 
Boilers are more subject to this evil of unequal expansion and con- 
traction than most others. The Engineer should therefore have the 
feed-pipes raised in the Boiler, when they are inserted in or near the 
bottom, otherwise the Boiler may break in the centre, and cause 
much loss or damage by the parts of the Boiler separating. With 
round Boilers, with the fire under the bottom, and particularly where 
they are hard fired, some mode should be devised to cause a continual 
circulation of the water near to the bottom of the Boiler ; otherwise 
the steam generated at that place will partially displace the water, 
and thus allow the plates to become overheated and weakened. 
Especially is this the case with some descriptions of water, where 
there is a deposit of very fine dust, so that the Engineer should make 
himself acquainted with the particular description of the water, and 
its effects, and apply such remedy as suits the particular case under 
his care. 
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IX. — ^When there are two or more Boilers, with feed-pipes con- 
nected together, without a self-acting stop-valve between each, shut 
off the feed-valve to each Boiler during the night, or whenever it is 
not working ; the water being liable otherwise to empty itself from 
one Boiler into another — as the pressure in the Boilers varies, — 
leaving one of the Boilers nearly empty ; more particularly where 
there are Boilers working at different pressures. A self-acting stop- 
valve is in the last case absolutely necessary. But where Hopkin- 
son's Patent Compound Safety Valve is on the Boiler, this will be 
prevented. Should the water lower, the valve will let off the steam, 
and the water will then be equalised, thus being what its name 
imports — a Safety Valve under all circumstances. 

X. — Where junction steam-valves are used, or a valve placed 
between the Boilers and the main steam-pipe, see that the valve- 
spindle is one without a weight or screw, and take every precaution 
to prevent the valve being weighted down when the steam is up. 
Sometimes the safety-valve is on the steam-pipe ; in that case junc- 
tion-valves are dangerous, where they can be fastened down. In the 
stop-valve for the Boiler, the spindle should be constructed with a 
screw-thread, and be outside. The nut for the screw can be fastened 
in the centre of a bridge cast to the valve-box lid. Where the screws 
are inside, difficulties often arise. In all pipes fixed to the Boiler, 
have them so arranged that the condensed steam will drain back to 
the Boiler, and not go through the Engine ; a great saving will be 
thereby produced — the hot water supplying the place of cold, accord- 
ing to the amount condensed. The arrangement will also, in many 
cases, prevent breaks-down, from the water of condensation getting 
into the cylinder. 

XI. — ^Where there are two or more Boilera, do not keep any one 
out of action longer than is absolutely necessary for cleansuig or 
repairs. A Boiler wears out faster when not in use, by oxidizing 
and corroding, than if moderately worked. It will be found more 
economical to work with " extra Boiler room," than to have one or 
more " standing." It will also tend to prevent " priming." The 
furnaces will be easier stoked by working a thick fire, allowing the 
gases more time to give effect in the furnace. The furnace doors 
not having to be so often opened as with thin firing, the temperature 
in the flues will be more, regular, the cooling down whilst firing 
-much less, and the contraction and expansion also correspondingly. 



By this mode of firing, furnaces will last much longer, and in the case 
of a Fire-box Boiler, the plates in contact with the hot fuel will gene- 
rate steam much quicker, with less labour and attention, there being 
an extra amount of absorbing surface in contact with the fuel, with 
the same area of grate, — and with some draughts a legs area of grate 
is found to be better. 

XII. — Where the Boilers are set in brickwork, do not me lime in 
contact with the iron. In setting the bricks use fire-clay, or common 
clay. Lime with damp quickly eats away the iron ; therefore do not 
use it at all about the metal of a Boiler. Where a " midfeather " is 
placed under a Boiler, it ought to be of cast-iron, in the lorm of a A, 
for the Boiler to rest upon. Should any leakage take place, there will 
be little surface for the water to lodge on. Whenever the flues are 
cleaned, examine the exterior and interior of the Boiler thoroughly ; 
and do this yourself. Do this also whenever the Boiler is let 
off. By keeping the surface of the Boiler and the flues clean, 
the draught will be improved, more steam will be generated in the 
same time, fuel will be saved, and the Boiler will wear longer. Be 
your own Inspector, and become what you ought to be — a Practical 
Engineer. 

XIII. — Have a good steam-gauge to the Boiler : one that cannot 
be tampered with, and one not liable to get out of order. Do not 
place a tap between the Boiler and the gauge : for this, by being 
opened and closed, )^ill interfere with the correctness of the indications. 
Fix the steam-gauge in a situation where the frost or cold cannot affect 
it. A column of mercury is the truest indicator, when used without 
a floating stick, or " steam peg." " Pegs " can be made longer or 
shorter to suit the convenience of the Fireman. There are various 
forms and makes of steam gauges ; but many of them are nothing 
better than philosophical toys. 



[In concluding this section, we would impress on all persons 

having charge of Steam Boilers, that there is no more certain sign of 

slovenliness than a dirty water-gauge or steam-gauge on the front of 

a Boiler, or the furnace-door covered with lime or dirt. Wherever 

these are met with, there is little hope of good management being 

found elsewhere under the same control.] 
C 



10 

FEEDING STEAM BOILEBS WITH WATER. 

Too much consideration cannot be devoted to the importance of 
properly admitting "feed water" into the Boiler, and also to its being 
admitted at a proper temperatm-e, for on these depend the durability 
of a Boiler, and the prevention of explosion from undue expansion 
and contraction, and certainly a great saving of fuel in the generation 
of steam. 

In the first place, the person in charge should always ascertain 
that the water is at its proper height in the Boiler before the furnace 
fires are kindled, and that the water gauges (if in a fire-box Boiler) 
are placed at a proper level above the fire-boxes or flues at their 
highest point, so that none of the plates will be uncovered when water . 
will run from the bottom tap of the water-gauge, — which has 
frequently been the case in Boilers where they are so constructed that 
the fire-boxes are in connection with an eliptical or other form of flue, 
where one part stands higher than the firing end, and frequently 
where Boilers are set at such inclines that the back or front of the 
fire-box may be bare when other parts are well submerged in the 
water. When Boilers are set to work filled with cold water, be care- 
ftil to fire gently, so that the underside of Boiler toay receive its 
proper proportion of heat, to prevent undue contraction and expansion 
of the top and bottom. Instances of rupture from strain thus brought 
about are very numerous ; the writer has seen even new Boilers 
cracked across the bottom of the shell, where these instructions have 
been disregarded. The same evil arises in admitting cold water in 
vertical or other pipes, and delivering it at or near the bottom of the 
Boiler, for in such a case the tendency to unequal contraction and 
expansion is simply to produce a rupture at the part thus affected, 
and can result in no good in any sense. Cold water should at all 
times be avoided. The usual method was to take it from the hot 
well of the Engine, but it is now general to pass it through some 
description of water heater, known as an Economiser. With such an 
apparatus the supply of feed water to the Boiler is now admitted as 
high as 300® of temperature. There have been many contrivances 
for self-acting feed-valves, but none of them have proved efficient or 
safe to use. The simple method of having a hand or back-pressure 
valve capable of being regulated to any extent, and which lifts from 
its seat to admit the water, and closes at each stroke of the pump, to 
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prevent the water returning from the Boiler, is the best and most 
reliable means ; and is generally fixed to the right or left side at the 
front of the Boiler, and the water conveyed some distance in by 
means of a pipe, perforated by nmneroos holes, so as to distnbnte the 
water in smaller quantities than would be the case if sent directly 
through, and delivering the contents at one particular place. The 
height or level of such pipes should be near the surface of the water, 
and not in any case or part thereof below that of the furnace crowns, 
for where no low water, or Compound Safety Valve, is attached, there 
is always danger of the valve being kept from its seat by dirt or other 
causes, then danger from overheating of the fire-box would ensue. 
Many persons apply a plug tap between the feed-valve and the Boiler, 
so that in the event of anything becoming wrong with the valve, the 
tap may be closed, and the valve can be taken to pieces or examined 
whilst the Boiler is still in operation ; such tap thus permitting of 
that examination. Another great injury to a Steam Boiler is by 
admitting cold water to cool it for the purpose of cleansing, almost 
immediately it has ceased working. 

The advantages of feeding a Boiler with hot in place of cold 
water is indeed great ; but where a number of Boilers are used, say 
four or five, these advantages become more apparent; with that 
number the whole of the heat leaving so many furnaces, and imping- 
ing upon an economiser, concentrates the waste heat, proving so 
beneficial that one Boiler has been easily dispensed with. By all 
means see to the Boiler being covered with some non-conducting sub- 
stance, and not left bare to the action of the atmosphere, and the 
radiation of the heat just generated. The practice of turning a brick 
arch and allowing the heat to pass over and around some few inches 
from the top of the Boiler, and from end to end, is becoming very 
general in some districts. Boilers are better when supported on 
brackets riveted to the sides and resting on the side walls, than upon 
midfeathers. In other districts there is a plan of suspending Boilers 
to iron arches on bridge castingB. This system allows the contraction 
and expansion to take place without materially disturbing the brick 
work. Rollers also are employed to meet the requirement, to 
prevent the action on the brick work. 

Various theories are entertained respecting the wisdom and safety 
of superheating steam when in contact with water, as is the case in 
a Steam Boiler over which the products of heat may pass ; but as 
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this chapter precludes any solution, as attempted by many authorities, 
the reader will find the subject more fully treated under the head of 
Superheating and Steam Jacketing. 

Betwixt the self-acting stop-valve and the pump have a tap, 
branching from the side of the pipe. When this tap is closed, the 
whole of the water will pass into the Boiler ; but in case the water 
from the pump is more than required to supply the Boiler, the tap 
can be partly opened, so that one portion of the water forced by the 
pump may be sent through the small opening of the tap, and conveyed 
by a pipe to any required place, and the remainder forced through the 
f alve into the Boiler. In proportion to the opening or closing of 
this tap, so will the supply of water to the Boiler be less or more. 
Another advantage of this arrangement is, that when no water for 
the Boiler is required, the tap can be set fully open, and the water 
will flow easily away, and offer no resistance to the action of the 
pump ; or it can be forced into a cistern, to serve as a reserve for any 
purpose. The ordinary method is to have a weighted escape-valve, 
which requires power to force the water through — more power, in 
fact, than to feed the Boiler. The weighted valve also involves gi'eat 
wear and tear. A common inch tap will answer the purpose much 
better, at a twentieth part of the cost. 

A small tap may be inserted in the pump bottom, or in any part 
of the barrel. When the pump is required to force its fiill quantity 
of water into the Boiler, the tap must be closed. If no water is 
required into the Boiler or cistern, open the tap. Air will then be 
admitted, and the pump will continue to work, without lifting or 
forcing water, and with very little power. This is all that is required 
to regulate the pump, and that too, without putting in or out of gear. 

The " fnjector," for feeding a Boiler by its own pressure of steam, 
is now largely used, particularly for Locomotive Boilers. The great- 
est drawback to the use of the Injector is, that the water used must 
be cold, or not more than 80° of temperature, otherwise the Injector 
will not act. 



EXPANSION AND CONTRACTION OF BOILERS. 

A GREAT difficulty to be contended with in the management and 
working of Steam Boilers, arises from the unequal expansion and con- 
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traction of parts of the structure. In some instances these are so 
great as to be the cause of more " wear and tear " than any other 
process to which the Boiler is subjected. In the " getting up " of 
steam, therefore, great care should be taken, otherwise a Boiler may 
be seriously weakened in the process. An instance is well known 
where, from this cause, a Double Fire-box Boiler, when quite new, 
was broken right across the bottom, or under side, the first time the 
fire was applied to " get up " the steam, from the fire being urged too 
rapidly. This caused the inteipal flues to expand at a much quicker 
and greater rate than the outward shell ; and the ends of the Boiler 
were thus forced outwards, mitil the strain tore the Boiler asunder. 
When the flues of Boilers of this form of construction are placed 
nearer to the bottom than to the top, the strain from unequal expan- 
sion and contraction is often such, that the plates of the under part 
of the outer shell are torn or broken ; and in other cases leakages take 
place in positions where they are most difficult to discover. 

lu the "setting" of Boilers, all the surface possible should be 
exposed to the action of the heat of the fire — not only that the heat 
may be thus more completely absorbed, but that a more equal expan- 
sion and contraction of the structure may be obtained. With Round 
Boilers with "egg'' or "dished" ends, and with the fiimace under- 
neath, too much of the surface of the Boiler cannot be exposed to the 
action of the fire and the heated gases. In some instances, where 
convenience serves, it will be found of advantage to pass the flue over 
the top of the Boiler, to equalise, in some measure, the heat, and con- 
sequently the expansion. 

Where a Boiler of the last-named description is " set " with only 
a small portion of its bottom exposed to the heat, and a great portion 
of the structure exposed to the atmosphere, as is the common practice, 
a powerful action is thus left at full hberty to work out most injurious 
results. The heat will assuredly expand that portion of the Boiler 
to which it is applied ; while the other portion exposed to the cold 
atmosphere will as assuredly contract. Thus ^ the two forces are left 
to exert their respective powers against each other — tending to tear 
the Boiler asunder, by means almost imperceptible ; and the ultimate 
result is not unfrequently a Boiler explosion, in spite of the fact that 
a structure in this form is the strongest possible, excepting the truly 
spherical. 

In the construction and fixing of a Boiler, there are other matters 
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that require attention. Parts where the plates overlap shonld be 
exposed as little as possible to the direct action of the fire. Where 
this point is neglected, the outer plate is in danger of being burnt and 
weakened, until in the end leakage is caused, and the plate is rent — 
both these tending to the destruction of the Boiler. Especially so is 
it the case with the double-riveted Boiler, where intense heat is 
allowed to act upon the double-riveted portion. The high tempera- 
ture causes the outer plate to expand more than the inner plate, and 
being firmly held between two hues of rivets, it cracks and blisters 
in the thick or double-riveted portion, and this disturbs the rivets so 
as to create leakages ; therefore double-riveting must only be carried 
out where the heat does not impinge at too high a temperature. 

Of late years great improvements have been effected in the for- 
mation and construction of fire-boxes and fines, by welding the lon- 
gitudinal seams, and turning up each edge of the plate, forming two 
flanges, which are riveted together in the usual manner at their 
outer edges. This plan adds immense strength to the resisting powers 
of a Boiler against the collapse of the flue from over J)ressure, and 
enables the tube to be formed more cyhndrical, and thus approaching 
the figure of greatest resistance, by dispensing mih the lap joints. 
It is a class of work which ought only to be placed in the hands of 
competent and experienced Boiler Makers. We have seen some rude 
examples of fianged seam tubes ; hence the remark as to whose hands 
they are entrusted. Other makers adopt a similar plan by welding 
the longitudinal seam, but instead of turning a fiange, a hollow ring 
with fianges, similar to the hollow railway Une, is slipped upon each 
end of the tube, and riveted thereto ; thus having the vertical por- 
tion in the vertical seams only. Another plan is, forming a flue 
alternately of two sizes of tubes, the smaller of which is double flanged, 
by which we mean that it is flanged on the edge, and the outer por- 
tion again flanged parallel with the body or line of flue ; a plain 
welded ring Boiler plate is then slipped on and riveted together, and 
so on alternately until the required length of flue is obtained. The 
object of this construction is also stated by the makers to give 
elasticity to the flues and fire-boxes, without bringing undue strain 
upon the ends of the Boiler by the expansion and contraction. It is 
what may* be termed a cellular flue ; and in Uke manner as in the 
other cases, adds resisting power to the collapse of the tube from 
pressure. The makers of this Boiler apply vertical tubes in the 



15 

smaller diameter of flues for extra heating surface, and also for circu- 
lating the water, which is here particularly impressed upon all users 
should be a prominent feature in all Steam Boilers. For this purpose 
no better method has been devised than that of the conical tube — 
now so generally adopted for the Fire-box Boilers, — placed in different 
parts and positions of the flue, beyond the fire, and which also act in 
the double capacity of a circulator and stay. Immediately the heat 
begins to act upon the tubes, the water commences to circulate, and 
this materially assists in preserving the resisting power of the Boiler, 
Some makers now apply this form of tube, but dispense with the top 
and bottom flanges, and weld them directly to the flues. 

The thickness of the plates of which a Boiler is composed is of 
importance in other respects besides that of requisite strength for the 
working pressure required. It is commonly supposed that a thin 
plate allows heat to pass through it into the water within, quicker 
than a thick plate can do. This is true, so far as getting the water 
heated to the boiling point. The Author has found, by direct 
experiment, that in a Boiler formed of plate one-sixteenth of an inch 
thick, water was brought to the boiling point in half the time it could 
be accomplished in a Boiler formed of plate three-eights of an inch 
thick, all other circumstances being the same. But he found, also, 
that when the flre in the respective cases had been three hours at 
work, the Boiler formed of the thick plate had evaporated more 
water than the one formed of the thin plate. Repeated experiments 
were invariably followed with the same results — showing the advan- 
tage of a moderately strong plate for the flues and furnace portions 
of a Boiler. The Author has found half-inch plate to be a desirable 
thickness for the flre-box and flues of Cornish Boilers, having regard 
to strength, economy and durability. It may not be amiss to observe 
also, that the quality of the iron, and the character of the workman- 
ship, are also necessary things to be attended to in the construction 
of a Boiler. 

Another matter to be observed in relation to a Boiler at work, is 
the unequal pressure to which its several parts are subject at the 
same time. Take, for instance, a Fire-box Boiler, working at 501bs 
pressure to the square inch. That would be the pressure exerted on 
the upper side of the flues, slightly covered with water. Suppose the 
flues to be three fett in diameter, on the under side of those flues the 
pressure would be Sl^ibs to the square inch — the T^ight or pressure 
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of the column of water having to be added to the Bteam pressure of 
50]bs. It is from this fact, that the pressure is necessarily greater 
on the under side than on the upper side of internal flues, that, in 
cases of giving v^ay from over-pressure, such flues crush upwards 
much more often than they crush doumwards. There are also other 
actions going on in a Boiler of this construction, v^hich add to this 
tendency —the strain and tension produced by unequal expansion and 
contraction. This is aided, too, sometimes by the ignorance of the 
Boiler Maker, of which an instance was given by one at Stockport, 
who constructed a Boiler with an oval internal flue, and who stayed 
the upper side of the flue, but not the under side, where the largest 
amount of pressure necessarily had to be sustained — probably from a 
notion that the only pressure to be provided against, at that part, 
was the weight of the water. The Boiler exploded — ^the flue crushing 
upwards : and seventeen lives paid the forfeit. However ridiculous 
it may appear to suppose that such a notion as the one described 
above could be ascertained by a Boiler Maker, the fact was sufficiently 
illustrated in the case of the Boiler explosion at the Castle Mills, 
Sheffield, some years ago. The first time that steam was " got up " 
in the Boiler in question, the bottom portion of the flat end at the 
back, below the flues, gave way, and the Boiler was sent like a rocket 
out of its seating, right across a public street, snaash through some 
buildings on the opposite side of the street to the mills, and on into 
the river Don, — four lives being lost. On an examination, of the 
Boiler, the Author found that the flat ends had not been stayed at 
the bottom portion, where the greatest pressure would necessarily 
be ; and on the Boiler Maker being spoken to regarding this serious 
defect in construction, he excused himself by observing that he did 
not think the Boiler required staying in that part, because where 
there was no steam there, was nothing but water, and consequently 
no pressure. Nothing possibly could be more absurd ; and the two 
cases, out of many that could be adduced, show the necessity for all 
parts of a Boiler being made suitable for the various strains to which 
the structure is subjected when in use. 

The accompanying engraving, Diagram No. 1, illustrates in a 
remarkable manner what has just been enforced — and illustrates also 
the tremendous effects produced on the structure known as the Boiler, 
by a Boiler explosion. The dravring represent the blown-out flue of 
a Steam Boiler, taken exactly as it lay after it had been sent with 
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artiilcry-force out of tlie Boiler, through the wall of the Boiler-house, 
ftnd aeroBs a wide goit of water, into a passage on the other side, near 
to where there was another Boiler at work, which narrowly eBcaped 
destruction from the flying iniGsHes — the lai^ stone shovn in the 




foregronnd of the engraving having been sent throngh the wall of 
this second Boiler-house, with one of its comers impinging on tlio 
Bdler at work, producing a large and deep indentation; In this 
case also, the flat ends of the Boiler were only stayed on the npper 
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side. We shall subsequently refer more at large to this engraving, 
and the positions it illustrates. 

This brings us to another subject connected with the working of 
Steam Boilers, viz. : whether the iron of which the Boiler is composed 
is stronger — that is, better able to resist tension or a crushing force 
when cold, or when heated up to the ordinary*temperature of a 
Boiler when at .work, according to the- pressure of ^ the steam — or 
from 212° to 300°, or more. At a Coroner's Inquest held at Leeds, 
on the occasion of a Boiler explosion in the neighbourhood, the 
following questions were put to an Engineer — a witness called to 
show the came of the explosion : " Do you consider the Boiler to be 
stronger or weaker, when heSted by the pressure and temperature of 
the steam ? " Answer : " I consider that the Boiler is much weaker 
when the temperature is increased, than when cold." Question : 
" How much with steam at 50ft)s pressure ? " Answer : " Twenty- 
five per cent." It is lamentable that ignorance like this, though 
put forward with all the assurance of professional dogmatism, should 
pass current in a court charged with a most important and deUcate 
inquiry — an inquiry into the cause of death consequent on a Boiler 
explosion. The very reverse of that deposed to is the fact; for 
iron, when heated to about 600°, increases in strength up to that 
temperature — that is, it increases in power to resist tensile strain, or 
to carry weight, up to the temperature named ; and this is therefore 
held to be the point where the maximum strength of iron is attained. 
Thus the internal flue of a Boiler at work where the upper side is 
necessarily at a higher temperature than the under side, is the weak- 
est in the latter part, as the result of two actions : first, less tem- 
perature — and second, higher pressure, as before shown. Here, then, 
in the matt-er of diflference of strength arising from difference of 
temperature, we have another cause to account for the fact that 
Boiler-flues, in cases of explosion from over pressure, are more often 
crushed in from the under than the upper side. The two actions we 
speak of^ which are continually in operation when a Boiler is in use, 
tend to force the flue out of the form in which it was first made — 
and thus, as it departs more and more from the perfect cylinder, to 
become weaker and weaker. 

There have been many forms of apparatus for circulating the 
water in Steam Boilers, and different modes of setting, to produce 
an equal expansion, or rather to obviate the bad effects of unequal 
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expansion and contraction ; indeed it is one of the first questions to 
be considered by anybody who may be constructing or putting down 
a Boiler. 

The three diagrams here given, Nos. 2, 3, and 4, illustrate an 
improved Steam Boiler, patented by Jno. A. and Josh. Hopkinson, 
and was claimed to be quite a novel and curious method for accom- 
plishing the object nAmed. There is, no doubt, great merit in the 
invention, as, with little or no extra cost, it gives increased steam 
room, larger fire-boxes, anti-priming steam chamber, and an equal 
temperature top and bottom of Boiler. But in order that the reader 
may more fully understand it, we will give the explanation published , 
at the time. 

" The improvements in this Boiler consist in the application of 
a non-explosive steam chamber, placed under the fire-boxes, or 
in the water space, and extending from end to end of the Boiler. 
The steam is admitted into it by means of a series of pipes from that 
portion of the upper steam chamber to the steam chamber at the 
bottom of Boiler, and conveyed to the Engine either from the end or 
other part of lower chamber, as deemed desirable. By this arrange- 
ment the cutting of large holes, or the perforation of the shell for the 
admission of domes, is avoided, — ^which too frequently prove the 
cause of Boiler explosions. 

"By this construction the fire-boxes are raised in the Boiler, which 
under the old method cannot be done without materially crippling 
the steam space above, and increasing the bulk of water below the 
fire-boxes. Water on the underside of flues is well known to be a 
source of destruction to Steam Boilers, from imperfect circulation; 
and regularly causes them to crack across the bottom, and produces 
leakages. 

" The great body of useless water has also to be heated again and 
again — as the Boiler may cool from night to morning before starting, 
and at times of refilling, — ^which we venture to say forms no mean 
item of expenditure during twelve months' working. Now by this 
arrangement we substitute the steam chamber in the place of that 
useless water ; or, in other words, we displace it, and therefore leave 
a much less quantity for the heat to act upon, — thus causing it to 
heat quicker, and promoting a circulation throughout the whole 
length of Boiler, thereby preventing unequal expansion by equalising 
as near as possible the whole contents of Boiler. Unequal contrac* 
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tion and expansion, wo aver, is the principal cause of rnptares in 
Steam Boilers, producing leakages and corrosion, and entailing 
costly repairs. 

Diagram A'o. S. 

Section Hluuriug the XKwitioit of Straiu Clianiber& 



!l^^l^ 



These Iniproveraeuls ui'o also applicable to ordinary RouiiU Boilein witliont fliiex 

fired exterually, aud will 1:>e found advantageous "by displacing the water and 

sabstituting steam. 




" Tlic fire-boxes, by being raised in tlic Boiler, will undoubtedly 
admit of their enlargement, and this wc need only remark, is a feature 
in regard to economy of fiiel which it would be advisable to put into 
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practice ; it also greatly increases the power of a Boiler. This 
economy cannot be attained in the present Donble Fire-box Boilers, 
without decreasing the upper steam chamber in capacity, and there- 
by increasing the probability of priming, — now found to be not only 
dangerous but a loss, robbing the Boiler of the highly-heated water, 
which should have been given out as motive power. Then again, 
by this arrangement we give increased strength to the ends of the 
Boiler, as it will be perceived that the new steam chamber also forms 
one strong tubular stay in like manner as the fire-boxes. By the 
addition of this tubular stay, or steam chamber, the whole three are 
divided more equally at the ends of the Boiler : each receiving its 
proportionate share of strain, and not being dependent, as is now the 
case, upon gusset stays. 

^^In many cases costly excavations have been required, so that the 
Boiler with the old form of dome could be brought to a lower level 
than that of the Engine, that all condensation might return to the 
Boiler instead of falling into the cylinder of the Engine ; whereas it 
will be observed that several feet are gained in this respect, by con- 
structing a Boiler upon the improved principle. 

"In numerous instances we know that Boilers having on the 
ordinary domes, have been a source of great annoyance and expense, 
from the impossibility of passing archways on the high roads, and 
also from the inconvenience of fixing them upon their seats at the 
places where they have been intended to work. 

*' In the export trade the expense of transit has been enormous, 
from the fact of chargitig the whole length and breadth of Boiler, as 
I measuring in capacity the number of feet on board vessel, simply in 

^ consequence of the projection of domes or other fittings. 

" In this Boiler we have attained the object of applying a non- 
1 priming and anti-explosive steam chamber within the Boiler itself, — 

coupled with the fact of greater strength being given to the Boiler 
ends : the promotion of a better circulation of water in the Boiler : 
remedying the deleterious effects of unequal contraction and expan- 
sion : the enlargement of the fire-boxes, for the attainment of 
economy : and lastly, in the general improved construction for greater 
safety in working a Steam Boiler." 



— ^ 
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THE FORM, STRENGTH, AlilD STAYING OF BOILEBS. 

The Double Fire-box, or Flue Boiler, — ^the form now in most exten- 
sive use, — ^is generally formed of three tubes : two lesser and one 
larger. The two lesser are placed within the larger, and all are bound 
together hy end flat plates. The space around these tubes, and 
between them and the outer shell, constitutes the water space and 
the steam chamber. The pressure, whatever it is, which the steam 
exerts within the Boiler, is exerted unthin this space — ^that pressure 
being internal to the large or outer shell, and external to the smaller 
inner tubes or flues. That pressure, also, whatever it may be, is 
exerted upon the flat ends of the Boiler. This form of construction, 
which is the prevailing and favourite form, is not only »not. safe with- 
out careftil staying, but positively and of necessity unsafe ; and it 
follows as a matter of course, that with the high pressures now 
worked ac, this want of safety becomes in many cases absolute 
danger ; while with all Boilers of this construction, unstayed, and 
at whatever pressures they may be worked, if that pressure be appre- 
ciable, their giving way is but a question of time. 

The great source of danger in this form of Boiler is the inner tube 
or flue, and the flat ends. When pressure is exerted within a tube 
or cylinder, with spherical ends, the tube can only give way by the 
metal being torn asunder ; and the tendency of the strain is to cause 
the tube to assume the true cylindrical figure, or spherical form — ^the 

form of greatest resistance. With pressure exerted on the outside of 

« 

a tube, the tendency of that pressure is to crush in the tube — ^to 
flatten it. 

It is a well-known fact that iron of any strength, when formed 
into a tube, will bej^r a much greater strain to tear it asunder if 
that pressure be applied internally, than it will bear without crush- 
ing in when applied externally. A bar of iron when used as a tie- 
rod, will resist a very large amount of tearing force ; but that same 
bar placed as a prop only under the weight exerted in the former 
case, would be doubled up and crushed out of form. The inner tube 
of a Boiler of this construction is but a series of props placed to 
sustain the immense weight of the pressure, exerted externally to its 
diameter. The constant and never-ceasing tendency is for these 
props to give way — for the cylindrical tube to depart from the form 
of greatest resistance, — to become flattened or bulged ; and its ulti- 
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mate crnshing in is^ in the best of cases^ where proper staying has not 
been resorted to, only a question of time. 

The Double Fire box Boiler was invented in America by Olivbr 
Evans, and was for a considerable period, and in some parts is still, 
known as Oliver Evans' Boiler. It was used in America so fieu: 
back as 1786. Boiler explosions have been by no means uncommon 
in America, as is well known ; indeed, so numerous had they been, 
and attended with such dire results, that in 1817 a searching inquiry 
into their cause, with a view to prevention, was instituted under the 
sanction of the American Govemment. In reference to the Fire-box 
Boiler, the report presented after that investigation states : — " Many 
respectable Mechanics and Engineers in this country considered that 
the improved Boiler invented by Oliver Evans obviated the objec- 
tions to High-pressure Engines. The late melancholy occurrence on 
board the Etna, in the waters of New York Harbour, is evidence that 
they have been deceived.'* Mr. Jacob Perkins, in his report on the 
same form of construction, says, " This form of Boiler should certainly 
be abandoned," Another eminent Engineer, Mr. C. J. Jarvis, 
wrote as follows : — "A flue of this kihd may be placed in such cir- 
cumstances, that when the steam and temperature get unusually 
high, it suffers a minute change of form. Under these circumstances 
it will inevitably collapse sooner or later, according to the extent to 
which its form is altered at each time it is unusually heated and the 
frequency of that occurrence, let it be surrounded with as much 
water as it may." 

There is no doubt that, providing the flues were perfectly cylin- 
drical, their strength would be very great ; but such is not the case, 
nor is it possible to make them strictly true. The very weight of the 
material itself is sufficient to destroy the true figure of the flue, even 
providing it were made of one whole plate without rivets or lap joints ; 
but in the ordinary flue, as used in all Boilers, the figure of greatest 
resistance is at once departed from by the overlapping of the plates. 
In the case of horizontal tubes, as employed in Steam Boilers, the 
pressure is not uniform ; for, as has been already shown, while the 
pressure on the top part of a flue three feet diameter may be 501fos 
per square inch, the pressure upon the under side would be 1 Jibs 
more ; because the weight of the column of water has to be added to 
the pressure on the lower part of the tube. What should be the 
cylindrical figure in that case is not the true figure of greatest resis- 
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tance. We therefore need not be surprised at the explosions which 
occur from collapse of flues, when not properly stayed. The very 
form almost seems to invite the occurrence. It is by a continued 
working of such description of Boiler, and the always increasing 
weakness of the flue, from its varied pressure and temperature, and 
its consequent change of form, that explosions ultimately occur. 
Hence the reason why a tube that has been tested to a pressure of 
801bs or lOOlbs to the square inch, may afterwards fail under a pres- 
sure of less than half that amount. 

s 

IHagram No, 6, 



CROSS SECTION OF BOILER, UPPER A8PLEY, HUDDERSFIELD. 

A. Internal Flue, three feet diameter. 

B. Outer Case of Boiler, five feet diameter. 

The dotted line on Flue shows the form the Flue assumed when enish^d upwards, as 

shown in Diagn^am No. I. 

The accompanying Diagram, No. 5, is here given to illustrate 
what has just been advanced. It is from an exploded Boiler : the 
blown-out flue being shown by Diagram No. 1. The one now pre- 
sented illustrates the general form of constructing the Cornish One- 
flued Boiler, showing the relative sizes of the two tubes of which the 
Boiler is composed, and also their relative position. A is the inner 
tube or flue, open at each end ; B is the outer tube or case, closed at 
each end by the flat plates placed between the inner edge of B and 
the outer edge of A. The inner circle A shows the form of the fluQ 
S 
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as originally made, and when at work. The small dotted line on the 
inner circle shows the form that flue assumed when it was crushed 
upwards by over-pressare, and sent ont of the case like a tremendous 
bolt from a monster gun, torn, jagged, and rent in all directions, as 
shown by Diagram No 1, The two lines of larger dots, radiating 
from the outer edge of A to the inner edge of B, indicate the position 
of the two gusset stays placed at the fire-box end of the Boiler. 

It has already been pointed out that there are other changes in 
connection with this form of Boiler, which cannot altogether be pre- 
vented from taking place. Plates crack and give way on the under 
side of the Boiler, from unequal contraction and expansion, caused 
by the difference of temperature of the top and bottom side of the 
Boiler. A Boiler also is materially hastened in its destruction by 
the emptying of it while hot, and then suddenly cooling it by admit- 
ting cold water, to get off the scale. Double Fire-box Boilers have 
been fractured on the under side, both in the line of rivets and even 
across the plates, from this cause. Observe also, when starting a 
Boiler and getting up the steam, and notice the length of time the 
water on the under side of the flue is before it is even lukewarm. 
Here, also, is an important action taking place in reference to the 
safety of the Boiler. 

The flat ends of this form of Boiler are also a source of weakness. 
The reason of this will be at once apparent. The tendency of the 
force within the Boiler is to cause the flat end to bulge outwards — 
to assume, in fact, the spherical form. This brings unusual and 
unequal strain upon the rivets which join the plates together. These 
at last give way, being either torn out, or the plate itself is riven 
asunder across the line of rivets, and then out the ends go. Instances 
of this, kind can be seen in almost every explosion. In some cases 
the plates have been torn asunder as though they were but paper. 
When once any part of a Boiler gives way, the other parts become 
exposed to unequal strain from the expanding contents, which exer- 
cise a tearing and impelling force equal to that of gunpowder. 

To counteract this tendency of the fiat ends bulging outwards, it 
is usual to stay them. Stays, at best, are but interior substitutes for 
the form of greatest resistance. Stays would be of no service applied 
in a sphere subjected to internal pressure ; the power of resistance 
would be exactly that of the metal to sustain the strain, exerted upon 
all parts alike. Stays could be of no advantage in such a construe- 
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tion unless they conid be applied so as to strengthen that metal in 
all its parts ; and this^ as will be seen at once^ conld only be accom- 
plished by using metal of greater thickness or strength for the 
original construction. 

Boiler stays, therefore, are at all times but a substitute for real 
strength of construction. The manner in which they are frequently 
applied renders them insecure, and at times positively dangerous. 
The best plan of applying longitudinal stays is to let them proceed 
directly through each end of the Boiler, and then by means of 
washers, screws, and nuts to secure them in that place. The strain 
would then be direct to its own length, and its powers of resistance 
would be equal to the weight applied perpendicularly, which the iron 
rod would sustain without tearing asunder. This system of staying 
Boilers is now more generally adopted than was the case some years 
ago. The plan of longitudinal stays, applied as they were at that 
time, was positively unmechanical. They were bent at the ends to 
a right angle, and riveted at the outer portion to the Boiler end, 
thus giving the end freedom to bulge outwards by the force of the 
internal pressure, without securing any particular good beyond that 
of its own weight. There was also the rude way of fixing them to 
an angle iron riveted across the Boiler end, and securing the stay by 
a simple cotter. The continual action of the bulging wore the cotter 
to such a degree that the stays were altogether useless, and they 
remained in the Boiler as stays simply by name. As a practical test 
of placing longitudinal stays, and to prove how regardless the Boiler 
Makers were as to their proper application, the Authors fixed a dead- 
weight safety-valve upon a Boiler, leaving the suspended weight 
about two inches above the stay, but when the steam got to about 
two-thirds the pressure at which the valve should have discharged, 
the stays had become straightened out, and came in contact with the 
weight, thereby lifting the valve and discharging all the steam the 
Boiler could generate. It is an impossibility to fix them perfectly 
level, but the best way is the washer' and nut ; very frequently there 
are suspenders fixed to the Boiler top, so as to get them as rigid as 
possible. When we apply tie-rods to a beam of any kind, we should 
never think to copy the mode adopted with Steam Boilers; but 
should apply them so as to secure to the full their power of resistance 
against strain or weight ; and so ought we to do in the case of Steam 
Boilers. 
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The principle of application appertaining to the gosset-staj is 
precisely that just described. It is formed, as before stated, of 
angle iron and a gusset of boiler plate. An accurate representation 
of the actual stajs used in the case of the Asplej Boiler is given 
at C, in the engraving representing the crushed-in flue (Diagram 
No. 1). The strain in the case of the gusset-stajs is on the angles 
of the angle-irons, and on the rivets or bolts by which these are 
attached to the ends and sides of the Boiler. The power of 
resistance is just the strain which these angles and rivets will 
bear without straightening, or breaking, or tearing out. It is not 
by any means the amount which the same metal differently applied 
would give. Samples of all the above recited modes of giving way 
were to be seen in connection with the gusset-stays of the Boiler at 
Aspley. In some cases the heads of the rivets were torn off, m others 
the metal w^as torn across the rivet holes, in others the angle was 
straightened, and in another the angle was broken, and appeared to 
have been so for some time. 

Many years ago there were frequent cases of collapse of flues, 
arising from mal-construction. At the time when Mr. Faibbaibk 
launched before the public his patented improved Boiler, having oval 
flues, the late Mr. Joseph Hopkinson not only lectured on the folly 
and danger of adopting suoh form of Boiler, but printed and circu- 
lated throughout Great Britain the following circular, warning Steam 
Boiler owners of the consequences that would ensue. To his energy 
and zeal in connection with the Fire-box Boiler, we may attribute the 
great improvements that have since been effected. 

" The strength of a cylindrical tube to resist an external pressure 
exerted on its outward surface, is a very different thing from the 
strength of the same tube to resist the internal pressure. 

" In the latter case, that is, when the force is exerted on the inside 
of the tube, and tending to burst or rend it asunder, the relative 
strength or power of resistance of the tube is very easily estimated ; 
it is well known to be, under like circumstances, in the simple ratio 
of the thickness of the metal of which the tube is formed, and 
inversely as the diameter of the tube. 

" But in the other case, when the pressure is external, the 
strength of the tube to resist such pressure will depend upon very 
different principles : — it is generally supposed that the strength of a 
cylindrical tube under such circumstances must be immeasurably 
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great ; and there is no doubt that such is really the fact, provided 
the pressure is uniform all round the tube, and that the true cylin- 
drical figure is strictly preserved ; because in such case the tube is 
like a well-formed arch ; it cannot be destroyed except by the absolute 
crushing of the particles of metal one into the other, which is alto- 
gether improbable. But if the true cylindrical or circular figure is 
not preserved, and indeed if the deviation from the true figure of 
^eatest resistance is ever so trifling, the principle of the arch is gone 
at once, and it is then like an arch without abutments; and the tube 
under such circumstance, instead of being able to resist almost infinite 
pressure, will in fact be unable to resist a comparatively moderate 
pressure. 

" Now, practically speaking, it is almost impossible to form a 
tube that shall be strictly cylindrical or of any other figure of 
greatest resistance. The very weight of the material alone is sufficient 
of itself to destroy the true figure ; the circumstances of the tubes of 
Steam Boilers being formed of metal plates with lap joints riveted 
together, precludes the possibility of obtaining the tree figure ; more- 
over, in the case of horizontal tubes, as they are employed in Steam 
Boilers, the pressure is not uniform ; for while the pressure on the 
upper part of a tube six feet diameter may be only IS^lbs. upon the 
square inch, the pressure on the lower part of the tube will be nearly 
IG-j^lbs. to the square inch, because the weight of a column of water 
six feet high has to be added to the pressure on the lower part of the 
tube ; therefore the cylindrical or circular form is not in that case 
the true figure of greatest resistance ; and it is not very likely that 
in the ordinary way of business of Boiler Making, much care or cor- 
rectness can or will be bestowed on the calculating, or afterwards 
in the making of the tube, agreeable to the true figure of greatest 
remstance. 

" Moreover, if all the above difficulties be overcome, and the tube 
is formed according to the true figure of greatest resistance, there is 
little chance that it will long remain so, in the practical working of 
a Boiler. The unequal contraction and expansion of the plates by 
being partially over-heated, and then suddenly cooled, accidents of 
constant occurence, will cause the plates to be drawn and buckled, 
and thereby soon destroy the true figure. And it should be borne in 
mind that however trifling the alteration of form may be at first, yet 
when once a slight alteration has taken place, the destructive change 
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then goes on in an accelerating ratio. And here % very important dis- 
tinction should be observed, which is, that when the force is exerted 
within a tube tending to burst it outwards, the force exerted will not 
induce any change of form such as to render the tube weaker ; because 
if the tube was originally made tolerably near to the true figure 
of resistance, any change of figure which afterwards takes place must 
be such as will render it in feet stronger — that is supposing the 
metal plates to have some degree of elasticity — ^it will cause the tube 
to assume the figure of greatest resistance. But it is not the same 
with a tube that supports an external pressure, because in this case 
any change of figure must demonstrably produce a greater departure 
from the figure of greatest resistance, and thereby render the tube 
weaker and weaker ; and this is a very important reason why a tube 
that has been proved to a pressure of 80 to lOOlbs. to the square inch, 
may afterwards fail under a pressure of less than half that amount. 
** For the above reasons it is therefore clear, that a practical esti- 
mate of either the absolute or relative strength of tubes, supporting 
an external pressure, cannot be based upon the idea of these tubes 
being correctly formed, agreeably to the figure of greatest resistance ; 
the safe mode to estimate the strength of the tubes by the capacity 
of the metal plates (of which the tubes are formed) to resist a trans- 
verse strain, in the same manner as we should estimate the strength 
of a fiat plate, a bar, or a beam, the strength of which is known to 
be in the ratio of the square, of the thickness, or depth, in the direc- 
tion of the strain. 

" Under this view of the matter, therefore, it would be correct 
to consider that the strength of tubes under an external pressure 
would vary as the square of the thickness of the metal, but it is also 
clear that the strength will also vary inversely as the square of the 
diameter of the tube ; because an increase of diameter not only 
increases the leverage, but also the absolute quantity of force in a 
like ratio. 

" But it would not be right to suppose that the absolute strength 
of curved plates in a tube is no greater than that of perfectly flat 
plates; this is not the case. There can be no question that the curved 
form enables the plates to sustain a much greater force than flat 
plates are able to support; and it is clear that the nearer the curvature 
of the plates approximates to the figure of greatest resistance, the 
greater force they will be able to bear ; for although, as is stated 
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aboye, the slightest deviation from the figure of the greatest resistance 
destroys the principle of the arch, and thereby reduces the compar- 
ative strength of such' tubes from almost infinity, to a strength of very 
moderate limits; nevertheless curved plates will support a greater or 
less strain the nearer or more remotely they approach to the true 
figure of greatest resistance. 

'' It is therefore evident, that besides the capacity of resisting a 
transverse strain, there is also another element of strength in tubes 
subject to external pressure ; that is, the strength derived from the 
curvature of the plates ; but, as this latter strength depends entirely 
upon the greater or less approximation of the curvature to the figure 
of greatest resistance^ and as the degree of approximation will vary 
in every individual case, and will also be liable to rapid alteration in 
the same tube, it is clear that no general rule can be given for deter- 
mining the strength thereby gained. And, indeed, this is not requi- 
site in the present instance, because it is not intended to offer a rule 
for estimating the positive strength of tubes, but simply the relative 
strength of different tubes, which, as above stated, is, in like cir- 
cumstances, as the square of the thickness of metal, and inversely 
as the square of the diameter of the tube. The positive or absolute 
strength of such a tube can only be known by actual proof; but this 
once known, the strength of other tubes may be estimated by the 
foregoing rule : — thus, if a tube 3 feet diameter, and made of ^ inch 
plate is capable of sustaining a given external pressure, what will be 
the relative strength of a tube 6 feet diameter made of ^ inch plate ? 
Answer — The former is 16 times stronger than the latter. 

" But, in case of the force acting inside the tube with a tendency 
to burst or rend it asunder, the strength of the tube will be as the 
thickness of the metal directly and inversely as the diameter ; there- 
fore if a tube is 3 feet diameter and made of ^ inch plate, it will be 
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four times as strong as a tube 6 feet diameter, made of ^ inch plate. 

" The foregoing is a safe, easy, practical rule, and if employed by 
Boiler Makers in the planning of High-pressure Boilers, I believe it 
will be the means of preventing many serious errors and fatal 
accidents." 

So far^ this chapter has treated on the construction of Boilers, 
and the change of form produced by pressure. It may be well to 
show there are other actions the Fire-box Boiler is subject to when 
at work, tending to destroy its powers of resistance, and that however 
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well a Boiler may be constrncted, nnleBS it is properly monnted to 
secure the conditions for safe working, it is liable to explosion. If a 
Boiler be set to work (no matter how good its construction), and its 
strength be impaired by some of its parts becoming over-heated, it is 
possible to explode at one-twentieth the pressure it is capable of 
resisting under proper conditions for safe working. It is therefore 
the duty of all interested in the construction and working of Boilers^ 
to see that they are so mounted for safety, that the powers of resis- 
tance shall not be weakened by over-heating. It must be understood 
that all Boiler explosions arise from over-pressure, — whether that 
be from improper construction, or that the plates having become 
weakened by over-heating or corrosion, it is nevertheless over- 
pressure ; and what might be a safe pressure now, may in two hoars 
be the bursting pressure of the same Boiler^ — dealing death and 
destruction on every side. Deficiency of water has painfully recorded 
itself in the history of explosions, and on this subject much attention 
has been devoted by us in all its bearings ; and to the accomplish- 
ment of its total prevention, we have not only published thousands 
of pamphlets and circulars, but have at great cost, through the 
medium of the newspaper press, repeatedly called the attention of 
Boiler Owners. 

The following letter was inserted in the principal papers of 
Lancashire and Yorkshire, which in these pages we deem is a fitting 
place once more to publish. 

FIBE-BOX BOILERS AND THEIR LIABILITY TO EXP^iOSION. 

" It is obvious to any person who has the dightest knowledge of 
the form and construction of a Fire-box Boiler, that as it leaves the 
hands of the maker, it then possesses greater powers of resistance 
than at any other period of its existence, and that any departure 
from the form thus given must necessarily reduce its resisting 
powers ; and whether such change in the form or figure of greatest 
resistance should occur from an excessive pressure, or, much worse, 
from deficiency of water, is but a step towards the giving way of 
that Boiler, and which, from being subjected to the varying pressui-es 
of a Steam Boiler, goes on in an accelerated ratio until explosion 
ensues. This, therefore, being incontrovertible as the principle or 
law of action to all Fire-box Boilers, or other constructions where 



pressure is extertial to the diameter (as is the case with fire*bozes 
and flues), it behoyes each and all possessing such apparatus to 
prevent any such departure from the figure of greatest resistance. 

''Many parties imagine that the flues of a Steam Boiler are 
similar in principle to that of an arch, but such an idea cannot be 
too soon dispelled, the very fact of the plates being riveted together 
with lap joints at once destroys the principle and takes from them 
the perfect cylindrical shape, which is the only true figure of greatest 
resistance. If, therefore, any Boiler of the fire-box construction be 
set to work imperfectly formed, or subject to greater pressure than 
the size and form justifies, though strong enough to begin with, it is 
but a question of how long the vicious strain can be endured, until 
at last, from the changing pressures and temperatures, it yields to 
the ordinary working pressure, releasing the highly heated contents, 
and resulting in serious explosion. 

''Numerous instances of this form of Boiler could be shown, 
which were intended and would have worked for very many years 
with safety at the required pressure, had not a change of the 
form of flue been induced by the action of the fdmaces, arising 
from a deficiency of water; whilst other Boilers have not suffered 
further than what is termed ' springing of the seams,' and by taking 
out the rivets, replacing them with new ones, and recaulking the 
plates, have impressed them with the idea that the Boiler was 
again perfectly safe. Such an idea cannot be too soon dispelled, and 
it is a duty we owe to those less acquainted with the subject, to 
announce the greatly reduced resisting powers of that Boiler, and, if 
space permitted, it would be easy of explanation. 

"If, therefore, the evils arising from deficiency of water are 
fraught with such momentous consequences, what is to be done to 
render such occurrences impossible ? We would refer the enquirer 
to the hundreds of parties who have applied ' Hopkinbok's Patent 
Compound Safety Yalve,' and having six to seven thousand in opera- 
tion without either explosion or injury to Boileis ; and if there is no 
answer to this fact, we plead it would be difficult indeed to convince. 

''We, therefore, say to all Boiler Owners and parties putting 
down new Boilers, make yourselves secure by the adoption of this 
invaluable adjunct, both by night and day, and have the satisfaction 
to know that, so far as was in your power, you have done a duty to 
yourselves and to those whom yon have entrusted with the care of a 
F 
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machine ; without which, by a slight mistake on the Engineer's 
part, death and destmction may be spread on eyery hand." 

Haying shown conclnsiyely that Boiler explosions may not only 
arise from defectiye construction, but that they may occur from 
shortness of water, and if not actually an explosion at the time, that 
a Boiler may be seriously injured and ultimately result in explosion 
from this cause, the importance of maintaining a Boiler in the best 
possible manner is practically made manifest ; and the following 
letter, which was published by us in the newspapers, will show that 
this desired security may be obtained at less cost. 

<<00ST OF MOUNTINa STBAH BOILBBS OOHPABED. 

^* Another Boiler explosion has taken place, by which seyeral lives 
haye been lost, and about twenty persons injured, besides a fearful 
destruction of property. 

*^ The Engineers appointed by the authorities to examine and 
neport the cause of the Parkhead Explosion, state that Hhe explosion 
was caused by an insufficiency of water in the Boiler.' Thus we 
learn that the Parkhead and Preston Explosions haye caused the 
death of upwards of a dozen persons, and injuzy to at least thirty 
others, with destruction to more than £3,000 worth of property. 

"It is imagined by many Boiler Owners that to adopt our Patent 
Compound Safety Valve makes the mounting of a Steam Boiler very 
costly ; but if we take facts for our guide, and calculate from the 
modem practice of fitting-up Boilers, as recommended by some 
Engineers, we shall prove that their great efficiency and security 
against explosion is attainable with less cost. For instance : — 

£ s. 

Two Steam Safety Valves, 4} incli diam., at 20/- per incli . . 9 

Two sets of Water Gauges, best constraction, at 50/- 5 

Fusible Plugs, best construction • . . . 1 10 

Ditto in stocic, to replace those taken out after use. • 10 

One Pressure Gauge 8 

Extra cost of Water Glasses, per year • 6 

£19 5 

<< Here we haye^ then, £19 5s. expended on fittings, the whole of 
which leaye a Boiler notoriously unsafe, besides an annual outlay 
upon water glasses and ftasible plugs eq^ual to fiye per cent, upon the 
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whole original cost ; whereas to render a Boiler perfectly safe^ either 
from oyer-pressnre of steam or deficiency of water, the only fittings 
required are: — 

One of HoPKiKSON*8 Patent Compound Safety Yalvei, 
One ditto Steam Pressore Gauges, 

One ditto Water Gauges. 

which we supply for £16 15s. Seeing, therefore, that safety can be 
combined with economy, it now deyolres npon Boiler Owners to 
make choice of one of the two plans — the former attended with all 
the risks of explosion, and the latter rendering Boiler explosions 
impossible. 

** We shall be glad to forward our descriptiye pamphlet to any 
Boiler Owner. 

** Parties putting down new Boilers will, we trusty giye due con- 
sideration to these facts, which, by being put into practical effect, 
will not only be the means of saving life and property, but keep from 
the hearths and homes of many families the misery occasioned by 
such lamentable catastrophes." 

In a former page we warned the Engineer against the danger of 
having a sto^valve placed between the Boiler and the safety, or blow- 
off valve. Many Boiler explosions have arisen from this cause, of 
which the one at Upper Aspley, Huddersfield, involving a loss of 
twelve lives, was a memorable instance. On the top of the Boiler in 
question there was afl^ed a stop-valve, which is here represented in 
section by Diagram No. 6. 

The lower lines of the diagram represent the Boiler top, with the 
pipe A standing upon it. To this pipe two arms, B B and 0, were 
attached, these also being pipes. B B led to the safety-valve, which 
was placed at a considerable distance from this point ; and led 
to the Engine. At A, a stop-valve was placed, its seat being below 
BOTH THE AFEBTUBES, B B and 0. This valve was worked by a 
wheel and screw, represented at D. When the valve was open, the 
part which in our Diagram closes the passage at A, was raised up 
mbove the openings of the cross-pipes B B and 0, and then allowed 
the steam to pass either way— either to the Engine or to the safety- 
valve, — or to both. When the valve was closed, it was screwed down 
as now represented at A, completely " bottling-up the Boiler," and 
preventing all escape of the steam, except by rending the Boiler 
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aflnnder? This was the exact state of this stop-valve — stop-valve up 
to a point indeed it proved to be ! — ^and of the Boiler at the time of 
the explosion, and the state in which it had been for some time, 
perhaps for nearly an hour, before the explosion. This it was that 
prevented the steam from passing to the Engine, and induced the 
attendants to conclude that ^Hhe steam was down." Hence the 
injunction to **fire up," although danger then existed; and hence 
also the firing^ until the limits of resistance within the Boiler had 
been passed. Hence also the catastrophe and its fatal results I 

Diagram Xo, 6, 




PLAN OF STOP.VALVB ON UPPER ASPLEY BOILER, IN SECTION* 

A— Pipe proceeding from Boiler. G 0~Feed-pipe to Engine. 
B H— Pipe proceeding to Safety-valve. D— Wheel and Screw to raise and lower Stop-valve A. 



The Inquest held on one of the twelve persons killed from the 
cause above detailed, was attended by Mr. William Fairbaibk, O.E., 
in a professional capacity ; and he on that occasion recanted, in a 
great measure, his former teachings in relation to the strength or 
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power of lemBtanoe of tlie internal flaes of BoUers, with Uie pressDie 
exerted externally to the diameter. His evidence on the occasion 
was:— ''I may mention that I have recently been making some 
experiments with regard to the collapse of tabes. It was found that 
some fines collapsed unexpectedly, and when according to our ideas, 
they ought not to haye collapsed. This induced a series of experi- 
ments interesting and conclasive. The Boyal Society of London 
made me a grant for these researehes. I took a Boiler of 36 feet, 
with a fine of three feet diameter, and another of 18 feet long, and I 
fonnd that the long fine will go with half the pressure of the short 
one : that the strength is inyersely as the length. I must confess 
that previously myself and other Engineers thought that the length 
made no difference at all ; but I find that the strength of all Boiler 
flues, all tubes whatever, whether of iron or copper, follow a certain 
law, that the resistance is inversely to the length." 

In relation to the explosion itself, Mr. Faibbaibn said in his 
report : ** It will not be necessary to enter into calculations as to the 
forces generated in the 'Boiler, which led to such unfortunate results. 
SufSce it to observe that the fines and the ends were the weakest 
parts, and the first to give way. The former collapsed tuxym com- 
pression on its exterior surface, and the fracture which gave vent to 
the elastic power of the pent-up steam was quite sufficient to account 
for the results that followed — ^namely, the demolition of the buildings, 
and the projection of the Boiler, flues, <&c., into the positions in which 
they were found." 

The result of a most searching, patient, and extended inquiry was 
the following verdict : — " The jury find^that the death of Joseph 
Lum was caused by the explosion of a Steam Boiler, the explosion 
resulting from the screwing-down of a stop-valve, placed on the top 
of the Boiler, which when closed, completely cut off all connection 
with the safety-valve ; but who closed that stop-valve, the jury have 
no evidence before them to sh9W. But the jury, in returning this 
verdict, cannot but record their strangest candemnatum of that com- 
bination of stop-valve and safety-valve which puts it in the power of 
any one at any time to prevent the action of the safety-valve by 
merely closing the stop-valve ; and the jury consider that the 
Engineers who applied this dangerous construction are highly cen- 
anrable, as is also the proprietor of the Boiler, who permitted it." 

With regard to the strength of iron, the table which follows is the 
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lesalt of a series of tests oondnoted by Messrs. Bobsbt Nafhb & 
SOKSy of Glasgow. 

STRENGTH OF WBOUGHT-IRON BARS AND IRON PLATES. 

BT MX8SB8. BOBXBT NAFISB AKD 80KB. 
IRON BABA. 



Tenacity In lb0 
per sq. inch. 

Yorkshire: strongest.. .. 62886 
,f weakest •• 60076 
„ (foiged) .. .. 66892 

Staffordshire : strongest. . 02281 
„ weakest .. 56715 

West of Scotland : strongest 64795 



TsBAdtylnltM 
per sq. inch 

West of Scotland : weakest. . 56655 
Sweden: strongest .. 48282 

„ weakest .. •• 47855 
Russia: strongest •• 56805 

„ weakest •« .• 49564 



IBOK PLATES. 

Yorkshire :strongestlengthwise56005 Yorkshire : strongest crosswise 50515 



>i 



weakest lengthwise 52000 



>> 



weakest crosswise 46221 



Non.— The strongest lengthwise is the weakest crosswise, and Tice Tersa. 

According to these tests, StafPordshire bars were nearly equal to 
those fix>m Yorkshire. Yorkshire Boiler Plates vary firom the 
strongest, lengthwise, 56,005, to the weakest, crosswise, 46,221. These 
figures would represent the tenacity, or the resisting power of a Boiler, 
supposing that the plates were welded together ; bnt as this is not 
practicable, one-half, or thereabouts, of the resisting power is cut 
away by the formation of rivet-holes. The strength of the Boiler is 
thus at once reduced to 28,110, or]Aa^the strength of the plate ; and 
this, too, on the supposition that the rivet-holes in the plates are 
bored. In the case supposed, this rule would apply ; but in the or- 
dinary way of Boiler-making, the rivet-holes are not bored, but^n^A^ 
out of the solid cold metal by powerful machinery. This punching 
to a great extent impairs the tenacity of the remaining portion of (he 
plate betwixt (he holes. Then follows another process more injurious 
than the former — what is technically called *^ drifting.'' This 
^'drifting" is a process whereby the holes of one plate are made to 
correspond with the holes of another plate, when the plates are in 
progress of being riveted together. When the holes do not exactly 
meet each other, so that the rivet will pass easily through both, the 
Boiler-maker uses an instrument called a *' drift." This is a taper 
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'' mandrill/' vrbich is driven into the two holes, and widens them ont 
by the force of blows with the hammer. It often happens that the 
metal betwixt the hole at the edge of a plate is ^' cracked " with the 
'' drifting " — ^in many cases weakenings and in others so for destroying 
the tenacity of the remaining metal, that the strength of the re- 
maining portion cannot be taken at more than 20,000tb8. In some 
instances where the plate in its process of mannfactnring has had 
but little cut from its edges^ when being " squared up," the edges of 
the plate are quite brittle ; and then, what with the before-mentioned 
mode of pouching, and what with bending the plate in a cold state, 
such plate may be frequently seen ''cracked" from hole to hole. 
From these and similar causes, a Boiler is often more than half des* 
troyed before it leaves the Boiler-maker's yard. 

In the process of bending Boiler Plates cold, the fibres of the 
metal are stretched, and their tenacity impaired or destroyed. Were 
they passed between bending-roUers, when heated to a proper working 
heat, the fibre would be properly drawn out, and its tenacity pre- 
served — the same as in any other process of forging or shaping 
wrought iron. There cannot be a doubt that in the case of Boiler* 
flues bent cold to diameters varying from two feet to three feet, the 
plates are thereby weakened to a great extent. So long as the 
present mode of Boiler-making is pursued, we shall have weak and 
defective Boilers. The expense of heating the plates, for the purpose 
of bending them without injury, would be trifling. And there would 
be another resulting advantage : if there were any " flaws " in the 
metal, these would sooner show in the plate when in a heated state, 
than when bended in a cold state. 

The suggestion has often been thrown out, that were the rivet- 
holes of Boiler plates bored instead of being punched, one part of the 
evil above pointed out would be remedied. There is no doubt but 
that process would be a great improvement upon the present practice ; 
and if some independent firm would make Boilers with the same care 
and attention to material and workmanship as is done in Steam 
Engine construction, they would command a trade, although their 
prices would necessarily be higher than those who "make" in the 
ordinary manner. To the user. Boilers thus carefrilly built would be 
much cheaper in the end^ to say nothing of the reduction to risk of 
life — ^the loss of which cannot be compensated for ; and this to the 
humane is a consideration of imporiance. 
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The rnle laid down for the strength of Steam Boilers^ taking the 
tenacity of the plates at 60,000, is, according to the tests of the 
Messrs. Napier, far too high ; and considering the before-mentioned 
methods of Boiler-making, we onght not to calculate the resisting 
power of Boilers at more than two-thirds the amount we have been 
in the habit of calculating. That is, instead of calculating the 
tenacity at 80,000ifos, we should not calculate that tenacity at more 
that 20,000ifos. Thus, the bursting pressure Qt a tube 30 inches 
diameter, made of | inch plates, under the old rule would be 760fbs 
to the square inch. This new rule will be much nearer to the truth 
in practice than the former rule; and the tube would also require 
to be of good material, and well made, to resist 500ibs to the square 
inch. 

Whatever may be the strength of Boiler plates before they are 
worked into shape, if care and attention are not paid to the bending, 
punching, drifting, and riyeting, the best iron will become compara- 
tively valueless. With the best material, the strength of a Boiler 
must greatly depend upon the manner in which it is made, and the 
care used in its construction, even if its form be correct in principle. 



RULE FOR CALCULATING THE STRENGTH OF CYLINDERS OB 
BOILERS, AS GENERALLY APPLIED.* 

The tenacity of the metal of which a Boiler is constructed is about 
60,000ibs, or six- sevenths that of good wrought-iron: a bar one inch 
square being the standard. 

As, however, the cylinder which constitutes the Boiler is not 
whole, or in one welded piecey but is composed of a number of plates 
riveted together — the plates also being cut away for the holes — 
it will be necessary to diminish the number which expresses the 
tenacity. Let, therefore, the tenacity be put at dO,OOOtt»s in place 
of 60,000!bs. 

Multiply the numerator of the thickness by the tenacity pt the 
metal, and multiply the denominator by half the diameter of the 

* This role is the one generally acted npon, and is no doubt pretty nearly correct, when the 
metal is without flaws, and the workmanship without defects. But as these cannot always he 
relied upon, the rule and the deduction from it will be found far too high for oidinaiily made 
Boilers. 
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cylinder in inches ; then divide the numerator by the denominator 
and the quotient will give the strength of the cylinder, or bnrstinS 
pressure. 

EXAMPLE I. 

Take a cylinder 30 inches diameter, made of f inch plate : thus — 

3 30,000 90,000 

— X = then 90,000 -f- 

8 16 120 . 

120 = 750Ibs, the burating pressure. 

EXAMPLE IL 

A cylinder of six feet diameter, made of { inch plate : thus — 

6 feet =: 72 inches 

1 30,000 30,000 

— X = then 30,000 -r 

2 36 72 

72 n 416 and 17-18ths lbs, working pressure. 



TESTING THE BOILEKS. 

The utility of testing Boilers to an extreme pressure, or to considerably 
more than that sustained in actual use, is more than questionable. 
Practice has proved that it is better not to test Boilers, beams, or bars 
of iron, with much more than the ordinary strain required. We may, 
by an extreme test, prove that the article has withstood such and such 
a strain ; but we do not know how such a strain may have injured 
the substance tested. For instance, a cast-iron beam was tested at 
the foundry of Messrs. Millburn's, Staleybridge. The beam was 
27 feet long. A weight of 24 tons was hung on the centre, with 
which it deflected 1^ inches. When the weight was removed, the 
beam assumed its proper form. The same beam was afterwards 
tested with 16 tons hung on the centre, when it broke — though there 
were eight tons less than it had withstood before. 

Another instance was afforded in the test of a Steam Boiler at 
Messrs. Haegeeayes, at Accrington. The hydraulic test was re- 
sorted to. The extreme working pressure of the Boiler was a little 
over dOifos to the square inch, and the test the Boiler was submitted 
to was 70ibs to the square inch. To all appearances, under the 
test the Boiler was safe at that pressure. In about three months 
after this testing, the Boiler exploded ; and on investigation, there 
G 
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was sufficient to show that the test to which the Boiler had been 
subjected had injured the stnictarc — ^and from that time till the 
whole gave way, the Boiler had been gradually getting weaker. 
The flues had been strained by the test, the pressure being on the 
outside of the diameter. 

There can be no doubt that the testing of any structure or 
machine to the Ml strength the a{^aratu3 may be expected to resist, 
is highly necessary ; but beyond that, there is more risk of injury to 
the apparatus tested/ than any chance of good resulting from an 
extreme test. 

The word " test" carries with it to the theorist and the casual 
observer an idea of security — because such test aflPords proof that 
the machine or structure has withstood a certain force. This may 
be quite true : but it does not follow that the same machine or 
structure will resist the same amount of force again, or anything 
approximating to it. 



CLEANSING BOILERS. 

It is well known that water impregnated with earthy matter pro- 
duces, when boiling in a Steam Boiler, a scum on the surface. If 
this soum be collected and blown out, the Boiler will seldom require 
to be opened ana cleansed ; but if the scum be allowed to accumulate 
and settle upon the plates where the fire impinges, the injury to the 
Boiler will be in proportion to the thickness of the accumulation, 
which, according to the nature of the deposit, assumes the form of 
scale or mud. When it assumes the first-named form, the Boiler 
will require to be often opened and cleansed, or the injury from 
the burning of the plates will be great. 

There is a great difference in the quality of water for Steam Boiler 
purposes. Some waters scarcely give out any deposit, while with 
others the deposit is great; and this is the cause of considerable diffi- 
culty if not constantly removed. It therefore behoves the Engineer, 
when he has to work with water of the latter description, to be 
exceedingly attentive, and to look well after the interior as well as 
the exterior of his Boiler ; and particularly where the water has spent 
dye-wares and acids mixed up with it, as is often the case in manu- 
facturing districts. In this matter, as in many others, he may lay 
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it down as a rule, tiiat the utmoflt oleanlinefis posnible will resolt in 
a flaying of fdel, and in the prevention of much ^* wear and tear" to 
the Boiler. 



THE SAFETY VALVE. 

The form and eonstmction of this indispensable adjunct to the 
Steam Boiler are of the highest importance, not only for the pre- 
servation of life and property, which would, in the absence of that 
means of '^ safety," be constantly jeapordised, bnt also to secure the 
durability of the Steam Boiler itself. And yet, from the manner 
in which many things called Safety Valves have been constructed of 
late years, it would appear that the true principle by which aafeiy is 
sought to be secured by this most valuable adjunct, is either not 
well understood, or it is disregarded by many Engineers or Boiler- 
makers. Many of those unfortunate calamities — ^Boiler explosions — 
have occurred when, to all appearances^ the Safety Valves attached 
have been in good working order : and Juries under the presidency 
of Coroners, have not unfrequently been puzzled, and sometimes 
guided to erroneous verdicts, by scientific evidence adduced before 
them, tending to show that nothing was wrong with the Safety 
Valves — and that the devastating catastrophes- could not have 
resulted from over-pressure, because in such cases the Safety Valves 
would have prevented them. 

If Dr. Papin,* the inventor of that most useftil and scientific 
apparatus, the Safety Valve, could but witness some of the forms 
given to the instrument, and some of the modes of construction 
adopted, he would indeed marvel to see the degeneracy which, in 
this day of general improvement, is but too often apparent in the 
manufacture and construction of this essential and indispensable 
adjunct. 

The portions marked 1 and 2 on the accompanying diagram, page 
45, represent variations of the Common, or Mushroom Valve. This 
is usually constructed with a guide-pin, to pass through a hole or 
socket provided in the cross-bar inserted in the seating of the valve 
— such guide-pin and steadying-socket being underneath the valve, 

* Dr. Denys Papin, a native of Blois, In 1680, invented the common Lever Steam Valve, mis* 
ruaoed the " Bafety^Valve.'* 



44 

and consequently mfhm the Boiler, constantly and fiilly exposed to 
the action of the steam, the varying temperature, and to the accu- 
mulations of dirt and other extraneous matters. With this form of 
construction alone, numerous Boiler explosions have occurred — ^from 
the stem, or guide-rod, of the yalTe having got bent, or otherwise 
damaged ; from its having become corroded in the steadying-socket 
of the cross-bar ; from its becoming fast in its place, when closed ; 
or from many other and obvious causes. It is clear that when the 
Mushroom Yalve is in any one of these states it is impossible for it 
to act, and the Boiler is then, to all intents and purposes, as if 
nothing in the shape of a Safety Valve had been provided. 

Another objection to this form of Safety Valve is, that the weight 
to hold down the valve till the limit of safety is approached, is 
applied in the worst form possible to ensure accuracy in the indica- 
tions of the valve, or to allow of the free working of that valve 
when over-pressure requires it to open. In valves of this construe- 
tion, there is generally provided on the lever a swell, or projection, 
rounded down at the end to a dull point ; and this dull point rests 
in a small counter-sunk hole in the outer tip, or central projection of 
the valve (as in the portion numbered 2 of the engraving, page 45) ; 
or the point on the tip of the valve rests in the counter-sunk hole 
in the projecting portion of the lever (as in the portion of engraving 
numbered 1). When the weight is hung on the other end of the 
lever, or at such place upon it as has been arranged for, the swell, or 
projection, on the lever bears upon the tip of the valve, and keeps 
that valve down on its seat until it is raised therefrom by over- 
pressure within the Boiler. But it is a question arising from this 
mode of applying the weight, whether the valve can act at the time 
and in the manner designed. In the first place, the joint at the end 
of the lever, where it is attached, must necessarily have some play 
given it. Oftentimes greatly too much is given ; or rather, no care 
to have exactness of fitting is exercised. This play, from the action 
of the lever and wear and tear, becomes greater and greater ; and 
every departure from exactness, either in the original manufacture, 
or from subsequent wear, takes the weight from the centre of the 
valve, and brings it more upon one or other of its sides than the rest. 
These deviations from exactness may be small, almost infinitesimal, 
in themselves : but multiplied as they are in fact, in the length of 
the lever from its attachment to the point of bearing on the valve, 
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they become very appreciable, and highly detrimental to the free 
action of the valve. When the valve is thus weighted out of 
its centre, two separate but injurious actions take place : first, when 
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over-pressure occurs, instead of the valve being lifted bodily from its 
seat, it becomes tilted, and the steam escapes at one side only ; and 
second, in consequence of this tilting, the guide-rod often becomes 
bound fast in the guiding-socket of the cross-bar, and the valve is 
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thna prevented from operating, except in a very limited degree — ^not 
nearly sufficient in case of over-pressure. The worst is» that under 
the circumstances supposed, the higher the pressure^— that is, the 
greater the danger from which the valve is required to relieve — ^the 
less capable does it become of operating in the manner for which it 
was calculated and designed : for the greater the force brought to 
bear upon the tilted portion of the valve — (and be it remembered 
that this tilting exposes more of the surface of the valre-face on the 
tilted side than on the side which still remains covered by the seating) 
— the more firmly does the valve become bound in the guiding-socket. 
From these and other causes of a similar nature, Safety Valves of 
this construction cannot be made to work accurately — and they are 
totally inapplicable for high pressures, if "safety" is to be a considera- 
tion. The indications, liowever carefully the valves may have been 
weighted, are often most inaccurate. The Authors have known 
valves of this description to be kept as perfectly down to their seat- 
ings as they were capable of being kept — that is, without any escape 
of steam from over-pressure — when the pressure in the Boiler, as 
measured by a more accurate test, has been 12lfos more than the valve 
was calculated and weighted to blow oflP at. With a valve of this 
description, anyone, by moving the lever to and fro^ may cause the 
steam to escape at either of its sides. To counteract this tendency 
to tilt, other guides have at times been applied; but it has been 
found in practice, that this attempt to remedy one evil has only been 
to create others, which equally tended, and in like manner, to prevent 
the proper and safe working of the valve. 

The main portion of the accompanying engraving (Diagram 
No. 8) is a representation of a Safety Valve which has been designed 
and introduced to prove that a valve of the ordinary kind may be 
made to act well, generally speaking — to blow oflP from over-pressure, 
with far' greater accuracy than either of the constructions before con- 
sidered, and also with a uniform discharge of steam from all sides of 
the valve orifice, when open. The valve is of the spherical form on 
its under side ; and it is placed within outward guides affixed to the 
seating. The weight is brought upon the valve from a low-fixed 
centre — the centre-pin being jointed to the lever, or fixed thereon by 
other means, so that there be the requisite play for the pin always to 
bear on the Spherical Valve. The small weight on the short or 
fastened end of the lever, is merely for the purpose of balancing the 
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long end of ike lever^ so that when the ball-weight^for weighting the 
yalve is off, the yalye is entirely free from outward pressure. Where 
this portion of the arrangement is dispensed with, the weight of the 
lever as it bears on the valye has to be taken into account, when 
calculating the weight to be used for weighting the valve, and also 
the several distances on the lever at which that weight will|have to 
be placed for the various pressures required. 

In all cases it is advisable to have the fece of the seating of the 
Safety Valve as narrow as the varying modes of construction will 
aljow. The Spherical-faced Valve is best adapted for this and other 
beneficial purposes : for it is found in practice that the sharp edge 
of the seating, taken off only by grinding it and the Spherical Valve 
to a face, results in the greatest accuracy that can be obtained — 
while this form and mode of construction also insure the best fitting 
valve for " bottling up " the steam when it is not required to escape. 

The valve shown in the foregoing Diagram is not adduced and 
recommended as one perfect in every particular ; but it is believed to 
be as good a valve as (;an be made simply as a Lever Valve — securing 
the greatest accuracy of which this form of construction is capable — 
one providing for the discharge of steam better than ajiy other mere 
Lever Valve yet introduced. 

In connection with this -subject of Safety Valves, the Authors 
would not be doing their duty to those for whom this work is intended, 
were they, from any feeling of mock-modesty, to refrain from describ- 
ing the construction and the advantages of what is now very well 
known as ** Hopkinson's ^Patent) Compound Safety Valve" — as 
that valve possesses important features not to be found in connection 
with any other valve : and as it provides against that prolific source 
of Boiler explosions, deficiency of water, as well as for the copious 
discharge of steami at over-pressure, under the ordinary conditions of 
working. When the facts are stated, that this Compound Valve has 
been applied to upwards of fourteen thousand Boilers, and that in no 
single instance has a Boiler with this valve attached exploded or 
suffered injury, either from over-pressure or deficiency of water ; 
while most numerous are the instances where Boilers have been saved 
by the simple, but certain, action of the instrument, under circum- 
stances which, with the ordinary valve, would inevitably have resulted 
in explosion, — the Authors feel that they may fairly claim to be 
exempt from the charge of "puffing their own wares,** in giving the 
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following deBcription of s conBtruction which has already e&eted 
mnbh good, and which, aB experience WarrauU them in saying, ia the 
most effectaal Sc^tiy Valve ever yet introduced into Steam En- 
gineering. 



THB PATENT OOMPOUKD PYRAMID 8APBTY VALVE, 




The Patent Componiid Pyramid 
Safety Valve ivlll be found, on 
examination, to give security to 
the Boiler in the most complete 
manner nhich science and expe- 
viecee have yet been able to ob- 
tdin. All the ordinary eonrces of 
danger are effe-ctively provided 
tor by this Safety Valve. " Its 
efficiency for the discharge of 
steam is a!l that the most exact- 
ing can demand, consiatont with 
the safely of the Boiler and the 
reasonable economy of the steam, 
— not discharging more than is 
absolntely necessary for perfect 



It provides for low water in the Boiler, and secures the opening 
of the valves whenever the water may (from whatever cause) get 
down to a given point of lowness, — the valves opening more and 
more as the water still lowers, so that no dangerous pressure can 
possibly remain in the Boiler, — thus obviating all danger of explo- 
sion, which would otherwise be imminent. The valve furthermore 
provides for the dischai^ of steam whenever the water shall get too 
high. And these resnlte are all attained by a valve which cannot by 
any possibility be interfered with when the Boiler is once filled with 
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water. A lever is placed oatside^ by which it can be tested, but 
¥^ch does not enable any person to interfere with its action. The 
valves are held down by a dead weight inside the Boiler, and are so 
shaped and arranged that there is no liability to sticking under any 
circumstances. The valves being multiple, are of smaller area than 
usual, although having a much greater dischargmg power. The 
smaller area is advantageous in two ways. Universal experience has 
proved that a valve of small area is not so liable to become leaky^ &s 
a valve of larger area ; therefore the Pyramid Safety Valve must 
secure such advantage. In the next place, the comparatively small 
weight required to hold down the valves permits the valve seating to 
be made feather-edged, thus leaving small surface for dirt, or any 
other matter whatsoever, to rest upon, which could cause the valve 
to be leaky. The Compound Pyramid Safety Valve is the only one 
which secures all these conditions. 

We will now give a more detailed description and exposition of 
it; and for this purpose we cannot do better than give the following 
copy of our descriptive circular. 

" The Patent Compound Pyramid Safety Valve* is truly what its 
name imports, — a means of safety under all circumstances which 
ordinarily produce Steam Boiler Explosions, viz., over-pressure of 
steam and shortness of water. 

"The valve we now introduce is an improvement over every 
other description of Safety Valve hitherto adopted, and as it is 
imperative that every Boiler should be fitted with a Safety Valve, it 
b€lK>ves th^ owners of Steam Boilers to adopt such fittings of this 
cdiaracter as are efficient for their purpose. 

'' A Select Committee of the House of Commons have sat to 
inquire into the cause of Steam Boiler Explosions, and the means of 
p^vention. Evidence of a most searching and scientific character 
was given. It was shown that a Boiler requires careful examina- 
tion previous to being set to work, and that during its working career 
it should receive a thoroughly practical periodical inspection from 
time to time. It has also been shown that although an examination 
is greatly to be desired, it merely serves to show that the Boiler is 
capable of working at a certain pressure of steam, under the proper 
conditions for safe working, and that for such conditions we 
liaveto look to the fitting up or mounting of such Boiler. The Safety 
Valve, then, is admitted by all to be thejmeans, or at least one of the 
H 
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first means, by which we obtain secnrity, and we purpose to examine 
and afterwards show what the Safety Valve is, and what it should 
accomplish. 

'* Having been engaged for twenty years in this branch of 
Engineering Science, and having applied to Boilers in various parts of 
the world Fourteen Thousand Safety YalveSy we have now by recent 
improvements so perfected the Safety Valve, that Boiler explosions 
arising from over-pressure of steam and shortness'of water need not 
occur. 

"The essential requirement of a Safety Valve is to relieve a 
Boiler of its surplus pressure, over and above that to which it is 
weighted, but hitheito it has been found that valves could not be 
constructed to fully accomplish the object ; and to approximate to 
anything like an adequate relief for any degree of safety, valves of 
large and unsafe sizes have been made, or otherwise several valves 
have been placed upon one Boiler. This arises from the fact that it 
is impossible to raise a valve from its seat by means of steam 
pressure more than just an imaginable separation of valve from valve 
seat ; hence it is, that nearly the whole orifice of a valve is literally 
and practically useless as a means of discharging steam, unless 
sufficient circumferential area can be given in proportion, or equal to 
the area of the valve orifice. For instance, a 4 inches diameter 
valve possesses 12 J square inches area, and a circumference 
of 12^ square inches ; it is therefore plain that to present 
a circumferential area or opening for discharge equal to that 
of the orifice on which it is seated, that the valve would have to rise 
exactly^l inch high from its seat, and as the size, or rather diameter, 
of the' valve increases, it would require to rise still higher from its 
seat, to give a proportionate discharge to the increased area, as in 
case of an 8 inch diameter valve, whose area is 50 square inches, 
whilst the circumference is only 25 inches, this would require to be 
raised exactly 2 inches from its seat, in order to give an area, or 
power to discharge steam, equal to the area on which the valve is 
seated, and this is totally impossible, for when a valve is discharging 
steam furiously for over pressure, it is merely a separation of valve 
from valve seat. 

" Thus, for example, if a valve of 6 inches diameter could lift ^ 
part of an inch from its seat, it would merely give an area for dis- 
charge ^V of an inch on the circumferential measurement of the valve. 
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which will be 18|, and half of a square inch, leaving 5§J inches 
diameter^ equal to 27| inches area, completely useless as a Safety 
Yalye, or discharge for steam ; the whole area of the valve orifice is 
28*274, or a little over 28^ inches area, whilst an area of 27*684 
inches has to be weighted uselessly to obtain merely a discharge 
firom its circumference of 0*59th of an inch, or nearly ^, so that it 
will be seen that its power to discharge steam is but ^^^th part of the 
whole orifice; or^ in other words, 48 times more weight than is 
requisite is employed to weight the discharging power. This amount 
of area is of no benefit whatever. If worked at a pressure say of 801fes 
per square inch, it would require 2^2151fes weight, whereas the total 
weight required is 2,2621fes, leaving only 47ibs of that weight avail- 
able to weight the discharging power: the 2^2151fes having to be 
employed to weight a great diameter of orifice, simply to obtain 
a single circumference for discharge. 

" Seeing then it is but just the edge of a valve that really gives the 
power or capability of its discharge, and that as we doubly increase 
the diameter of valve, we increase the area to bo weighted fourfold, and 
its power to discharge but twofold, it is obvious to all, that to make 
a valve powerful, is to make available as much of the orifice as possible, 
or in other words, to give a power or area in the circumference, equal 
or approximating to the area of the orifice, and this is one of the 
objects of our invention, as we will now proceed to describe. 

'* Dbsckiption. 

" On a seat of any given diameter, we place a valve of the ball 
shape on a feather edge seat ; this valve forms the seat for another 
valve placed on it, slightly less in area, also of the ball construc- 
tion, and seated on a feather edge as before ; on the second valve is 
placed a third one, again slightly less in area, and seated as before, 
and on the third valve is placed a fourth valve, again slightly less in 
area, and seated as before ; to this valve is suspended a dead weight 
equal to the area presented for the pressure required; and, by placing 
a pile of valves one upon another, and varying the area as ex- 
plained, four separate and distinct discharges are obtained, of equal 
circumference to four separate and distinct valves, yet the amount of 
weight or holding down power is what would be required for a single 
valve only of the same diameter. 

" These valves placed one above another in the Pyramidal form 
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may be carried out to any number, until iheir aggregate circum- 
ferences equal the capacity or area of the orifice, and each and all 
act separately and distinctly as would a single solid yalre. 

" This mode of seating and weighting valves may be varied ac- 
cording to circumstances. We will describe the broad feature 
or principle of our invention, and that it may be more easily under- 
stood we will proceed to make a comparison with Safety Valves of 
the ordinary dead weight and single discharge construction. Take, 
for instance, one of our Improved Valves for 40ft)s pressure per 
square inch, the are<i of which is 7 square inches, whilst its com- 
bined circumference or power of discharge is 36 inches, -^hich to 
mark at a pressure of 4:01fes would require 280ibs of dead weight 
suspending to it, but in the case of an ordinary dead weight and 
single discharge Safety Valve such as usually used, it would take a 
valve 11^ inches diameter to possess the same circumference or power 
of discharge, and to weight it at 401fes pressure would require 
4,146ibs, as against 280ibs in the new Pyramid Valve ; or, for fur- 
ther example, take the case of one of our Improved Pyramid Valves 
for 80ft)S pressure, the area of which valve is 4 inches, and its circum- 
ference or power to discharge is 29 inches, the weight required is 
d20ibs. An ordinary valve, to possess the same discharging power, 
would require 9^ inches diameter, and have suspended to it 5,3769)6 
weight } there being also a great risk with large and heavily weighted 
valves, and a difficulty in making them efficient for the discharge of 
over-pressure. It is clearly an error of no small magnitude employing 
heavily weighted single discharge valves when so many advantages 
are gained in the New Pyramid Valve. 

*^ Another feature of our Improved Valve is the sensitiveness and 
the freedom of each part rising from its seat in consequence of the nar- 
row &ce and the little weight suspended to them in comparison to 
other valves of equal circumference, and from the multiplicity of its 
seatings, which are all feather edged, and the absence of joints, levers, 
&c., &c., there is no possibility of its sticking and becoming deranged. 
This then serves to show that the diameter of a valve is not 
necessarily a criterion of its discharging power, but the greatest 
circumference with the least weight is the great desideratum, and 
that the true object is to make available the power of a small orifice, 
rather than make valves of large diameter and get no advantage 
whatever. 
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'' Besides possessiiig the capacity of dbcharging all the snrplos 
steson which a Boiler will generate^ and rendering it secure 
against over-pressure, proyision is also made for shortness 
of water^ which, perhaps, is an equally important feature 
of our invention ; for this purpose, we have an ingenioos 
arrangement of float submerged or placed below the surfiice oi 
water at such a height as is deemed low water mark. Should the 
water become by any cause below a certain fixed level, the float 
raises the valves just in proportion^ as the water lowers, and gives 
timely and unmistakable notice that danger is approaching, which, if 
neglected, the valves will inevitably open to the full extent, letting 
ofl^ the steam and preventing all risk of explosion. 

" The advantages of the New Patent Pyramid Safety Valve are as 
follow : — its combination of parts, which are such as act for exces- 
sive pressure and deficiency of water^ its general mechanical and 
practical arrangements, the valve possessing neither guides, spindles, 
rubbing surfaces^ nor complicated parts, &c., liable to adhere. 
It is simple in construttion and certain in action ; while it can be 
used as any other valve for general working, it prevents the careless, 
the ignorant, or the wanton, from causing either injury to the Boiler, 
or Boiler explosion, it is not liable to derangement, and is in every 
detail what a Safety Valve ought to be. 

" Having now shown the means by which the serious catastrophes 
of Boiler explosions can be prevented, viz., by ascertaining the 
capability of the Boiler to withstand its working pressure, and the 
adoption of the Patent Compound Pjoramid Safety Valve above 
described, it rests with the owners whether such calamities are to 
continue to occur. We ask, then, of all Boiler owners and users of 
steam power the question, that (asserting these statements as facts 
which cannot be gainsaid) are they not acting prejudicially to their own 
interests, to the jeapordy of their own and workpeoples' lives, a^ well 
as to the durability of Steam Boilers, to continue to work and put 
down Steam Boilers devoid of this Patent Valve, when such can be 
applied for less money than adopting the old, unsafe^ and obsolete 
fittings ? 

" Deficiency of water, although often not actually the proximate 
cause of an explosion, is the primary one in many cases, for it 
injures a Boiler, and is costly to the owner; the adoption of 
this adjunct dispenses with such risk and liability, and renders 
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explosions impossible from all causes, except that of a bad or worn- 
out Boiler. 

^' The great number of the ' Hopkinson's Compound Valves ' 
now applied renders it needless to publish testimonials of its efficiency. 
It is adopted by Her Majesty's Govemmenty the Goyemnents of 
France, Russia, 'Germany, Austria, Sweden, and China, and applied 
to nearly 1,400 Boilers, varying in numbers from fifty valves 
working at one place (Messrs. John Brpwn & Co^ of Sheffield) to 
single Boilers. We therefore mak^ only these remarks, and shall be 
happy to answer any inquiries or give recommendations to those who 
have them at work." 



BULE TO ASOEBTAIN AT WHAT PBESSUBE A SAFETY VALVE IS 

WEIGHTED. 

AsOEBTAiN the length, in inches, from the fiilcrum of the lever (the 
centre of its rotation) to the point which rests on the centre of the 
Safety Valve, and also the length from the fdlcrum to the point on 
which the ball weight is hung. Then get the weight, in pounds, of 
the ball weight, and multiply this by the weight in inches of the 
lever from the fulcrum to the point where the ball weight rests. 
Then ascertain the area of the valve, in square inches, and multiply 
this by the distance in inches from the fulcrum to the point of the 
lever which rests on the valve ; and with the product of these divide 
the product of the former quantities — the ball weight and lever. 
This will give the pressure of steam per square inch which the valve 
is equal to. 

EXAMPLE. 

10 inches, area of valve. 42 lbs, weight of baU. 

3 „ length of lever. 50 inches, length of lever. 



80 30 ) 2100 ( 70lbs per square inch. 

2100 



TO ASCEBTAIN THE WEIGHT BEQUIBED POK ANY GIVEN PBESSUBE, 
ABEA OF VALVE, AND LENGTH OF LEVER. 

Take the length of lever from the fulcrum to the point which rests 
on the valve. Then take the length from the fulcrum to the point 
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from which the ball weight is suspended. Divide this by the former^ 
and the quotient is the number of times which a given weight of 
ball will press on the valve or the lever ; ascertain the area of the 
valve in square inches, and multiply this by the number of pounds 
pressure per inch at which the steam will blow oft. This will give 
the total pressure exerted by the steam on the valvfe. Then divide 
this by the leverage, and the quotient will be the weight in pounds of 
the ball weight. 

EXAMPLE I. 

Let the area of the Safety Valve be 12 inches =z 3*909 inches diameter. Let 
the length of the lever be 40 inches from the fulcrum* to the point on which the 
ball weight rests, and the length from the fulcrum to the point which rests on 
centre of the valve 4 inches. Let the blow-off pressure be 601!bs per square 
inch. Then, as the length of the lever to the valve is 4 inches, and to the baU 
-weight 40 inches, so one pound weight at the latter place is equal to lOlbs on the 
valve. The area of the valve orifice being 12 inches, and the pressure of steam 
60Ibs per inch, the total pressure of steam on the valve will be 12 x 60=720tbs. 
Thus, as one pound weight at 40 inches will equal lOlbs on the valve, so 
7201b8-r-10=5 72Ibs the weight of the baU. 

EXAMPLE II. 

Area of valve, 12 inches Lever = 4 inches to valve 

Pressure ^ in. GOIbs Lever = 40 inches to ball weight 

720 
Therefore, as 40 inches is to 4 inches, so is 720Ibs to the weight required. 

Thus— 40 : 720 : 4 
4 



40 ) 2880 ( 72!bs on lever at 40 inches 
280 



80 
80 

In the above calculation the weight of the lever has not been 
taken into account, but this must be provided for in one of hao ways. 
First, it may be made to extend past the fulcrum, on the other side 
to that of the valve and ball weight, a distance sufficient to fix on it 
a weight which will simply balance the lever on the fulcrum, so that 
no weight will rest on the Safety Valve before the ball weight for the 
calcalated pressure is put on. 

Second — Another way of providing for the weight of the lever is 
tills : Place the lever in a horizontal position^ with the fulcrum pin 

* The fulcmm is the centre of rotation of the lever, and the mcasnremeut must be takcu 
from this Centre. 
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in its place, and asc^tain the weight an pressure at the point of the 
lerer which rests on the c^tre of the Safety Yalye. This may be 
done by scales, in a variety of ways. 

Then, whatever may be the weight of the lever on the Safety 
Valve thus obtained, it must be deducted from the total pressure of 
the steam on the valve, and the remainder will be the pressure to be 
provided for by the ball weight. For example — ^Take the case 
already calculated, where the total pressure of steam on the valve 
is 720ft)S ; we will assume that the lever, when tested as just 
described, gives a weight or pressure on the valve of 60ft)S, which 
being deducted from 720ft)S leaves 6601bs to be supplied by the ball 
weight, and as this gives a pressure on the valve of ten times its own 
weight, 80 6601bs-rl0=66ibs required. 

The introduction of the above simple method of calculaton is not 
for the purpose of superseding any readier method, or those usually 
adopted by the mathematician, and the skilled and practical Engineer. 
It is intended for those who have not any other means of arriving at 
the required result. 




CHAPTEE II. 



THE FURNACE. 



"PERHAPS there is no more important part of the question ot 
^ Steam Engine economy than that of the arrangement and con- 
dition of the Furnace ; and yet it has been too often neglected, or 
,not understood. 

The subject embraces the sciences of chemistry and mechanics — 
equally important, and closely allied in their bearings on the ques- 
tion ; therefore, furnaces should be constructed with a view to the 
application of the laws of these sciences in the combustion of fueh 
and the utilization of the greatest amount of heat attainable. The 
Furnace has received little material improvement since its introduc- 
tion ; yet, there is no part in connection with the Steam Engine for 
which so many patents have been obtained, and so many ideas 
re-patented. There are so many circumstances and conditions which 
affect the Furnace in different situations, that it would be impossible 
to lay down any precise rule for its construction in every case. 
Still there are certain known principles; with reference to the com- 
bustion of coal, which cannot be ignored, and therefore should never 
be lost sight of. ♦ 

Chemically speaking, all Furnaces should be constructed to con- 
sume any given quantity of coal with the greatest possible amount 
of heat ; and, mechanically speaking, it should be applied to such 
portions of the boiler as will be the most effective in the 
generation of steam. But it is first necessary, and absolutely so, 
that a good draught be obtained. No matter how well a Fur- 
nace be designed, if there be not a good draught its economic value 
will be impaired. In the first place, there must be a good 
chimney to have a good draught. It is not necessary to have 
a very high one ; but it is all-important that it should be 
properly proportioned. TTiough the chimney may be such as would 
ensure a good draught, yet, if the flues which surround the boiler be 
not of suitable form and proportion, the draught will still be de- 
fective. 
I 
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We have seen some hundreds of cases where the draught in the 
chimney has been excellent, whilst the Furnace has been little more 
than a retort, generating gas from the coal, but a great portion of it 
never created into flame and heat. Now, good draughts are spoiled by 
many causes ; some are rendered defective by being crippled, others 
by having some very quick comers to turn. And it is well known to 
practical men that a draught cannot be more seriously injured than 
by bringing two or more currents in direct collision with each other. 
Or, it may be injured by having crevices in different parts of the 
flues, through which the air may enter. Dirty flues, which have the 
effect of contracting the space through which the gases must 
necessarily pass, also injure, to a considerable extent, the draught. 
No money is more wisely spent by the proprietor than in keeping the 
flues clean ; for a new or clean boiler will generate a given quantity 
of steam with less fuel. It is, therefore, important that this should 
be kept in mind. 

Suppose now that a good draught has been secured in the 
Furnace, which is the first essential in the economical combustion of 
coal, how must we proceed to work this Furnace that every pound of 
coal shall do its duty, or, in other words, give out the greatest 
amount of heat. 

To effect this, the greater the quantity of coal which can be 
consumed per square foot of grate surface, the better will be 
the result, and the greater the economic effect. The late Mr. Hop- 
KiNSON, when contesting for the £500 prize, offei'ed by the Newcastle 
Coal-owners' Association, some years ago, found, that when he 
had the greatest heat in the chimney, he obtained the best results. 
This may be surprising to some, yet, it is nevertheless a fact, and 
has been proved many times since. Indeed, it is a conclusion 
borne out by common experience. 

Take, for instance, a Furnace with a grate surface of 20 square 
feet, burning 12lbs of coal per square foot per hour, with a.tempera- 
ture of 1,500^, and a temperature in the chimney of 600^,Jwhich would 
be a fair and reasonable temperature to assume under these condi- 
tions. Let the grate of this furnace be now altered to 15 square 
feet, and burning 16lbs coal per square foot of gi-ate per hour, 
and the results would be quite different. Instead of having a tem- 
perature of 1,500 degrees in the Furnace, as in the former case, there 
would be one of something like 1,800° or 2,000°, with a corresponding 
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inorease in the chimney. This increased temperature, generated by 
the same quantity of fuel, acts coiTcspondingly on all the heating 
surface of the boiler, and certainly increases the economic value of 
the fuel. 

Another proof of the importance of a proper proportion of fire- 
grate area is supplied by the following case : — An extensive firm had 
a set of nine boilers externally fired, with a consumption of coal of 
17 tons per day. The grate surface for each boiler was 6 x 5 = 80 
square feet, which, on being reduced to 8x5 = 15 feet each, the 
consumption of coal was reduced to 13 tons, by the aid of judicious 
stoking. These, with many more cases which could be cited, show 
the fallacy of having a long and large area of grate. It is not only 
very inconvenient to work, the back part being often bare, but is 
a great loss in other respects. It is better to have the bars so short 
that it will require the full power of the draught, when the coal will 
burn with a more intense heat, and therefore with greater economy. 

When coal is applied to a Furnace, the first action which takes 
place is the liberation of the hydrogen and hydro-carbon gases ; but 
if these gases are not consumed when generated by a proper admix- 
ture of oxygen, they pass away and are lost ; whereas, with proper 
conditions, they unite and produce heat in the highest degree, and 
may thus ensure the greatest evaporative efficiency. 

'The quantity of air admitted should be such as will suffice for the 
most perfect economical combustion of the fuel ; but if in excess of 
this amount, then the temperature of the resulting gases will be 
lowered, and, as an inevitable consequence, fuel will be wasted. 

In the next place, the nature of the coal should be ascertained — 
whether or no it be of a coking description. If it be, the grate bars 
will require to be more open than for coal of a light and gaseous 
nature. Adjust the grate-surface to the heating or absorbing surface 
of the boiler. This will greatly depend upon the quality of the fuel 
and the draught, and the quantity of the steam required. If the 
draught be good, work a thick fire ; but do not break the coal 
except it cannot be got in at the Furnace door, taking care to feed 
the Furnace on one side, not covering more than one-half the grate 
at a time. When that is sufficiently coked, feed the other side, 
putting plenty on at a time, leaving the middle of the Furnace much 
lighter and thinner of fuel than the sides, and keeping the grate 
bars well open. This mode of stoking — ^placing the coal on one side 
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at a time will prevent the formation of a great portion of the smoke 
which Would otherwise result, and also produce a more steady heat. 
The coal so placed will partially damp that side of the Furnace on 
which it is placed ; therefore Uis necessity of stoking the Furnace when 
the steam is up. From this method of firing, the gas generated will 
be given out slowly. The greatest quantity of air will pass through 
that portion of the grate where the fuel is most consumed, and 
where the coal has not been made small by breaking, leaving the in- 
terstices wide ; and as the oxygen of the air will generally be in 
sufficient quantity, if this mode of firing be adopted, to unite with 
the gas as it is extracted firom the coal, a continuous flame will be 
kept up, and smoke prevented. When one side of the Furnace so 
fired is sufficiently coked, raise the burning fuel gently with the 
poker, but do not break it into pieces. At the next firing, place the 
coal on the other side of the Furnace, and similar results will 
follow. Keep the Furnace door open no longer than is absolutely 
necessary, and thus prevent the admission of large volumes of cold 
air to cool the boiler and flues. - Place your coal, before firing, near 
to the Furnace, that there may be no loss of time in charging the 
fire. Cold air coming in contact with the boiler lets down the tem- 
perature, and does harm. To ensure that the coals be sufficiently 
near, and that the Stoker cannot have them too far from the Furnace 
doors, it is best to erect a barrier in front of the boiler, at about six 
feet distance with an opening at the bottom. The coals behind this 
barrier will have to be put up to the opening at the bottom. This 
mode will enable the Stoker to charge his Furnace with fuel with- 
out moving from the front. He will thereby take less time, and be 
able to close the door earlier, than if he followed the ordinary modes 
of stoking. 

If the Engineer is working a Double Fire-box Boiler, let him 
fire each Furnace alternately, in the manner described in Diagram 
No. 9, where A and B represent the sides of the fires last stoked, 
with the gas given out from the new fiiel, mixing with the air. which 
passes in the greatest quantity through the thin portion of the fire, 
as indicated by the arrows : and with that also which passes through 
the apertures in the Furnace doors, or through any special provision 
that may be made. Being thus mixed with air at a high temperature, 
the gases ignite, and comparatively thorough combustion is secured, 
preventing smoke and saving fuel. This mode of firing is applicable 
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to most Fumacee, whether single or double fire-boi, or with the fire 
wholly beneath the boiler. The hotter the fire, the more steam will 
there be generated with the same quantity of fiiel ; and though a 
greater amount of heat may pass up the chimney, there will be a 
corresponding saving of fuel, in proportion to the increase of tem- 
peratnre. 

Diagram No. 9. 



There are varions qualities of coal, and various power of draughts. 
A good quality of coal, with a good draught, will evaporate 7lbs of 
water for each lib of coal, in a Double Fire-box Boiler; and other 
qualities not so good, from 51bs to 71bs. In a trial at Newcastle- 
npon-Tyne, Mr. Hopkisbok evaporated irTOlbs of water with lib 
of coal, without any smoke being evolved. The experiment was made 
with a Marine Boiler, with mnltitnbular flues. The temperature in 
the chimney varied from 500° to 650°; and it was found that as the 
temperature of the Furnace was increased, the heat in the chimney 
also increased : but steam was generafed ranch quicker, and less fuel 
was proportionately consumed. 



If the coal be of a light gaseoi^a descriptioDy burning to white 
ashes, work the Famacc in the manner above desctibed, with the 
bars a little closer together. When there is a bad draaght, the 
Furnace will require working differently — ^placing a little coal on at 
each time of firing, equally over the grate. But this mode of firing 
is, generally speaking, not an economical one. Much, however, 
depends on the nature and quality of the coal — for there are some 
descriptions which will not fire in any other manner. By this latter 
mode of firing, the gas is extracted from the fuel quicker than the 
oxygen passes through the grate to consume it. In that case a great 
portion of the fuel passes up the chimney in the form of smoke ; and 
the Furnace door having to be often opened to replenish the fire, 
admits large quantities of cold air, which cools the Furnace and the 
flues, besides contracting the boiler — an evil somewhat modified by 
partially closing the damper when firing. A dirty Furnace will have 
a similar effect in creatmg smoke. If the grate be covered with 
clinkers or rubbish, the air is prevented from entering, and the 
fuel is converted into smoke. In fact, this is one of the most prolific 
sources of the " smoke nuisance." 

By all means avoid having a dirty ashpit. A pit neaily full of 
ashes is a sure sign of bad management. It is as necessary to keep 
the ashpit of a Furnace clean and cool, and the air as dense as 
possible, as it is to feed the fire with fuel. If the ash-pit be hot, the 
heat expands^the air, and the Furnace will require greater quantities 
to pass for the amount of oxygen which would be supplied by less 
quantities of cold air. These greater quantities impair the draught. 
When convenient, use water for the bottom of the^ashpit, allowing it 
to remain to quench the ashes as they fall from the Furnace. The 
evaporation will tend to keep the grate cool. Have, if possible, some 
water near the Furnace, so that when cleansing the fire you can cool 
the slag, that j^ou may remove it early. These things, properly 
attended to, will cause the Furnace to wear much longer, and also 
save fuel. There will likewise be less labour to produce more steam 
in the same time than a slovenly mode of stoking would produce. 

A great body of fire will evaporate more water with a less pro- 
portion of fuel than a small and thin fire. The greater the intensity 
of the fire, the more will be the steam generated with the same 
amount of fuel. Where there are a number of boilers, it is impor- 
tant that the duty of stoking should be properly attended^to ; and acf 



smoke is a great nuisance, ita prevention is a duty whii^ enry 

Engineer ought to attend to. 

Witli regard t<i the conanmption of smoke, it may be obserred 
that the heat of one fire coming into contacEi with the gases of 
another fire behind the bridge, or in what is called the " combostion 
chamber," does not consume the smoke. Smoke cannot be con- 
snmed after it has left the Farnace, nnlees air be admitted to mix 
and iguite with' it, and the gas must also be of suflScient temperatare 
to cause iguition. The best part of the Furnace in which to admit 
air to ignite the gas, is near to where the gas is generated. If 
additional air be required to that which passes through the grate, it 
is beet admitted through the dead-plate, as illustrated by diagram 
No. 10, which represents a dead-plate pierced with apertures for the 

Diagram No. 10. 



admission of air. This method of admitting air has been much re- 
sorted to since the first edition of the work in which it was described 
and made pubhc, first appeared.* This method is recommended by 
the " Lancashire Association for the Prevention of Boiler Explo- 
sions ;" and Mr. Hopkijssom, having had more than twenty years' 
experience with almost every kind of smoke-prevention apparatus, is 
able to say that he neier found anything to answer so effectually 
as this mode of admitting air through the dead-plate, when the 
requisite amount cannot be got through the ordinary grate. 

All Furnace doors should have a number of small holes cast 
or drilled through, independent of all other contrivances. The air 
passing through these holes into the Furnace keeps the doors cool, 
and assists combustion. 

The annexed Diagram, No. 11, is a representation of a grat« bar, 
and bearers. The bar C shows one end hooked on to the left hand 
bearer B. The other end of the bar slopes, and rests upon the other 
or light-hand bearer B. As the bar expands or contracts, the 

* " The Sbam Eiigin« EipUlnedbT tiieius olths Indlcitor," by Joaepli HopUiuaii. 
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sloping end, being loose, can move without straining, or buckling 
the bar. With this free action, the grate will last much longer than 
ordinarily, and the openings can be kept more even. 

Diagram, No. 11, 




The form of the Furnace bridge is also of importance. If it be 
made inclined, with the back part highest, it will be much better, 
and the heat will be more evenly distributed in the Furnace, to the 
increase of the evaporative power. When the Furnace is cleansed, 
the hot fire can be pushed up the incline, while the clinkers are 
removed, — thus enabling the Stoker to clean the whole of the 
grate at one time. And, besides this, the reflected heat of the hot 
brick-work will impinge against the top part of the fire-box flue, 
or the bottom of the boiler, if of another construction ; thus keeping 
the Furnace-door much* cooler than- when the bridge is built 
perpendicularly — the reflected heat in the latter case impinging on 
the front, causing that part to be much hotter than where the 
bridge is inclined, as here described. 

The opening between the grate-bars is an important point to be 
attended to. If these are not sufficiently wide, the Furnace becomes 
a retort for the destructive distillation of coal, the gases passing off 
in the form of smoke for want of a sufficient quantity of air to con- 
sume them as they are generated. Smoke is often produced from 
the bars being too close together ; and it is false economy to suppose 
that fiiel is saved by having the apertures between the grate-bars too 
small. A .proper thickness of the bars, also, is a requisite in practice. 
These have been found to answer best when about three-quarters of 
an inch thick, 

Attention to the foregoing rules, viz. : careful firing, clean grates, 
wetting ihe small coal, placing plenty on at a time, firing alternately 
the sides, a clean ash-pit, and, above all, a good draught, will, for all 
practical purposes, prevent the formation of smoke. That attention 
will also prevent waste of fuel, save time and labour, and reduce 
wear and tear. Of course, under different circumstances, modifica- 
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tions will be required, varying accordingly ; but by the adoption of 
the principles herein laid down, the ** smoke nuisance" would soon 
cease to be a cause of complaint. 



The following table of the evaporative powers of various descrip- 
tions of coal when burned under boilers, is given by Mr. Wickstebd : 



No. 



1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



Description of Coal. 



Water 

evaporat'd 

per lb of 

Coals 



The best Welsh 

Anthracite 

The best small Newcastle f 

Average small Newcastle 

Average Welsh 

Coke n*om gas works 

Coke and Newcastle, small, half and half .. 
Welsh and Newcastle, mixed, ditto 
Derbyshire and small Newcastle ditto 

Average large Newcastle 

Derbyshire 

Blythe Main, Noi-thumberland 



lbs. 
9-403 
9-014 
8-524 
8-074 
8-045 
7-908 
7-897 
7-865 
7-710 
7-658 
6-772 
6-600 



Compara- 
tive Coat 
per Ton in 
London 



s. d. 
17 11 
17 
16 1 
15 2} 
15 2i 
14 11 
14 lOf 
14 10 
14 6i 
14 5i 
12 9i 
12 5i 



Mr, HoPKiNSON evaporated ll*701bs of water in a Marine Boilel*, 
with lib of the best Newcastle coal, when contesting for the £500 
prize offered by the Newcastle Coal Owners* Association some years 
ago, for the best smoke preventive ; and he further offered to evapo- 
rate 12'701bs of water with lib of coal, provided the Furnace was 
altered as he might direct. 

With good Lancashire or Yorkshire coal, and a Double Fire-box 
Boiler, new, and a moderate draught, 7lbs of water can be evapo- 
rated with lib of coal. When the boiler has been some years at 
work, the evaporation will vary from 51bs to 7lbs — the work 
greatly depending upon the state of the flues and the cleanliness of 
the boiler-plates, inside and outside. Inferior coal will not evapomte 
more than from 4:lbs to 51bs of water with lib of coal. The 
strength of the draught has a good deal to do with the economy of 
fdel : the stronger the draught, and the greater the evaporative 
power of the coal. The greater the intensity of the fire, the more 

completely are the gases consumed. 
E 



CHAPTEE III. 



THE ENGINE. 

rrHE Engine itself requires but little attention when in good order, 
-*- except the ordinary routine of packing, cleaning, and oiling the 
working parts, and occasionally adjusting the cotters, which on no 
account ought to be neglected. , 

Indicate the Engine every day. Perform the operation when the 
load is on. "Work up the diagram, and place it in a book, with 
the date, for reference at any future time. This mode will denote 
the difference of power required under different circumstances, and 
also make known any defective working, whenever any part of the 
Engine gets out of order, or whenever any shafting or machinery 
is taking more power at one time than another. 

It will not be necessary to work up the diagram each time. 
When the indicated horse-power has been once ascertained, the fol- 
lowing rule will be found to be correct enough for all practical 
purposes, and much more ready than working the diagram each time 
thoroughly out. 

EXAMPLE. 

Say the diagram represents 99 horse power, when the friction of the Engine 
and shafting is deducted. 

Divide by the average pressure, 

say...l2Tb8 ) 99 ( 8 Jibs horse power for each pound pressure 
96 ^ s(j[uare inch upon the piston 

3 remains ; tliis being | of 12, it makes the total 
to be 8i horse power 

If a diagram be taken from the same Engine, with less or more 
average pressure, multiply the average pressure upon the piston by 
8*25, to ascertain the horse power the Engine is then exerting. 

EXAMPLE. 

15Vbs the pressure upon the piston 

8*25 the number of horse power for each pound 

pressure upon the piston 

75 
30 
120 



12375 horse power. 
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The horse power being 123|lbs. It matters not whether the 
horse power be required independent of the shafting and Engine, the 
calculations are made the same. Each Engine indicated will require 
the first diagram taken to be figured up, and worked out in the 
ordinary way (hereinafter described), to ascertain the horse power 
the Engine is turning. 

Use a thermometer to test the temperature of the condensing 
water, which ought not to exceed 120° Fahrenheit. Work as much 
below that temperature as is consistent with the supply of water to 
the boiler, and the quantity the air-pump will discharge — keeping 
the delivering-valve closed as long as possible. If the water in the 
air-pump thumps and plunges, a small air-pipe inserted in the pump 
lid ivill often prove a remedy. 

Unsteady working of the Engine is sometimes caused by the 
connections between the governor and the throttle-valve being too 
weak ; in that case the parts spring and give way, and vibration is 
the consequence. When the throttle- valve is too large, a similar 
effect is produced ; and this is often the cause of Engines working 
unsteadily. Throttle-valves regulated by pumps, vary with the pres- 
sure of the atmosphere ; for the water is "high" or "low" in accord- 
ance with the varying pressure. 

Should the crank-pin, or the bearings of the fly-wheel shaft, or 
any of the other parts become hot, particular attention is required to 
prevent their destruction. licad filings mixed with oil will be found 
to be useful. The lead coats the bearings, and interposes another 
body between the rubbing surfaces. Sulphur mixed with oil has also 
a similar effect ; and quicksilver may be said to be better than either. 

The following recipe for cooling necks of shafts will be found use- 
ful, not only for the crank shaft, but for all other descriptions of 
shafting — ^particularly the feet of upright shafting : — 

IdYbs of Tallow, dissolved in a vessel. 2 Jibs of White Sugar of Lead. When 
the tallow is melted, but not boiling, put in the Sugar of Lead, and let it be 
dissolved. Then put in 3Ibs of black Antimony. Keep stirring the whole mass 
till cold. 

It is an axiom that "prevention is better than cure." There 
would seldom be heating of necks of shafting, were those necks 
made of a proper length. They should, in all cases, be at least itvice 
the length of the diameter of the shaft. The " brasses," or " steps," 
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should be made of good metal, composed of three parts of copper to 
one of tin. Good brasses involve more ** first cost," but they secure 
a saving of oil, and also of power. More attention than is now 
usual ought to be paid to the quality of the metal of which " steps," 
or the bearings of shafting, are made. Above all, be careful to keep 
dust away from the necks and brasses o'f shafting, and other bearers, 
for cleanliness in this particular is a great preventive of destruction. 

Pay proper attention to all packings, to prevent the escape of 
steam or water. Such leakages often cause more ^destruction than 
ordinary wear and tear. If the injection cock or the condenser be 
leaky, the water will get into the cyUnder when the Engine is 
standing, in consequence of the partial vacuum ; and at starting 
afterwards, the water will, in all probability, be the means of breaking 
the beam or some other part. Care should be taken that all taps 
connected with the cylinder are closed when the Engine is at rest, 
except a small tap connected to the condenser ; and whenever the 
Engine is stopped, this tap should be opened to destroy the vacuum, 
or the water may, from some cause, get into the cyhnder. At starting 
the Engine, close the tap. This simple arrangement will be the 
means of saving much trouble, and probably prevent breaks-down. 
This tap will also be found useful in stopping the Engine at any 
required angle of the crank, by admitting air to the condenser, and 
destroying the vacuum. 

Keep the pipes and cylinders clothed with a non-conducting sub- 
stance, to prevent the escape of caloric from the steam. It will pass 
away very quickly, if means are not used to retain it,— causing a loss 
of fiiel. 

Have a vacuum-gauge fixed in the Engine-house, near to where 
you pass, that the quality of the vacuum in the condenser, or the 
amount of the uncondensed steam may be easily examined. The 
vacuum-gauge should be one that shows the pressure of the uncon- 
densed steam left in the cylinder, and the pressure of the atmosphere 
at the same time. Otherwise it cannot be ascertained by the Indi- 
catoTf when the vacuum varies, whether it be from the pressure of 
the atmosphere or the deficient vacuum of the engine. In some 
states of the weather the pressure of the atmosphere will be under 
14ft)S to the square inch, and at other times it will be upwards of 
15ft)S to the square inch. Steam may be 20ft)S above the at- 
mosphere ; but when the pressure of thq latter is 14ft)S, the steam 
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will be 84ft)S. But if the pressure of the atmosphere be ISlbs, to 
the sqnare inch, the steam in the boiler will be 35tfos ; and so on in 
proportion to the varying pressures of the surrounding medium. 

Have proper taps fitted to the top and bottom of your cylinder, 
that you may indicate your Engine with ease. By indicating each 
end, you will see if your valves are equally set. ^ Both ends can be 
indicated on one paper. After using the Indicator, clean it well : a 
dirty Indicator is an indication of a slovenly Engineer. 



WHAT IS THE VACUUM OF A STEAM ENGINE ? 

It is essential that we define and understand the term '' vacuum," 
as commonly applied to the Steam Engine — (and unless this be well 
understood by the Engineer, he cannot clearly understand the Con- 
densing Engine) — before we enter into a description of the diagrams 
which are hereafter given. The following popular explanation is 
therefore attempted. 

Steam is an invisible fluid. When steam, as it is called, is seen 
like white smoke, it is not steam, but minute particles of water. 
Pure steam in a glass will not show at all — but the vessel appears to 
be filled with air only. One cubic inch of water converted into 
steam at the atmospheric pressure of 14'7fcs, the temperature 212°, 
will expand to 1700 cubic inches of steam. If the temperature be 
increased, the pressure will be increased also in the ratio of the 
, temperature. Thus, with steam at 250*4 degrees, the pressure will 
be 151bs above atmospheric pressure ; the total pressure, 30ft)s to 
the square inch, and the bulk 881 times greater than the bulk of the 
water from which the steam was produced. If the total pressure be 
60ft)S, or 45ft)s on the steam gauge, the bulk will be 467 times 
greater than the waters the steam had been produced from. In pro- 
portion to the increase of pressure, so is the density.* 

The literal meaning of the term "vacuum," is space unoccupied 
by matter. The cylinder of a Steam Engine filled with steam, 
though vaporised from a small quantity of water, cannot be said to 
be void of matter ; bub condense that steam to its original bulk into 
water, and withdraw this water from the cylinder, and the space 

* See the Table in Appendix, showing the '* Temperature of Steam at difTerent pressures." 
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formerly occupied by the steam will be unoccupied. No matter re- 
maining in the cylinder, there is what is termed a " vacuum," or a 
void space. We hare supposed this operation to have taken place 
under the piston of a Steam' Engine, and in that case there is no re- 
sistance to be overcome in the descent of the piston. The pressure 
of the atmosphere alone, which is 15ft)S to the square inch, or there- 
abouts, would sufl&ce to force the piston down with a power equal to 
the degree of vacuum formed, up to £he limit stated — 151bs, if the 
vacuum be perfect. On this principle the first Steam and Atmo- 
spheric Engine was constructed : a cylinder with its upper end open 
to the atmosphere ; steam was admitted below the piston to raise it, 
and this steam being condensed in the cylinder itself by the applica- 
tion of cold water, the pressure of the atmosphere alone caused 
the downward stroke in the manner above described. If steam be 
allowed to take the place of the atmosphere, as in Watt's Engine, 
steam at atmospheric pressure will produce the same efiPect. 1700 
cubic inches of steam, or one cubic inch of water converted into 
steam at atmospheric pressure, will have a force sufficient to raise a 
weight of one ton one foot high ; two cubic inches of water, two 
tons ; and each ton extra, one additional inch of water converted 
into steam. One of Watt's first improvements was to attach to 
the Steam Engine a second vessel, in which to condense the steam. 
This he called a " condenser." He also introduced other alterations 
by which the vacuum was much improved, and the steam made to 
answer two purposes. First, by closing the cylinder with a cover, 
and admitting the steam between the cover and the piston, and con- 
necting each side of the piston with the second vessel, or condenser, 
and the Engine cylinder, the Engine was thereby made to be double- 
acting, and its power increased in proportion to the pressure of the 
steam above the pressure of the atmosphere. 

Steam arising from an open vessel — for instance, from the man- 
hole of a Steam Boiler — has a force greater than the pressure of the 
atmosphere, inasmuch as it has to displace the atmosphere before it 
can rise above the surface of the water. The resistance of the 
atmosphere is equal to about 151bs on the square inch. It varies 
from 13^1bs toupwards of 14'7lbs ; on the average it is about 14|!b8 
to the square inch. Therefore, steam enclosed in a Steam Boiler at 
5ft)s pressure per square inch above the atmosphere, or, in other 
words, at olbs on the steam gauge, is, in reality, a pressure of 20ft>8 
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on the square inch, as applied to the piston of a Steam Engine under 
the conditions above st«bted — taking the pressure of the atmosphere 
at 15ft)s. If the pressure be less, as it often is, say 14ft)s, then the 
pressure upon the piston would be 19ibs, because the resistance of 
the atmosphere on the safety-valve and steam-gauge would be less, 
and the steam in the boiler also less, in proportion to the reduced 
pressure of the atmosphere. Hence it arises that an Engine heavily 
loaded varies in its speed with the varying pressure of the atmo- 
sphere. Suppose that the vacuum is not perfect — and in practice it 
never is so — and that there remains in the cylinder a portion of un- 
condensed steam, the resistance of which is equal to 3ft)S to the 
square inch, then the steam .on the upper side of the piston at 5ft)S 
to the square inch above the pressure of the atmosphere, would act 
with an effective force of 17lbs upon the square inch : the upper 
side of the piston having exerted upon it a pressure equal to 20ft)S 
to the square inch, and the under side a pressure, or resistance, 
equal to 31bs to the square inch. Under these circumstances, the 
condenser will have exhausted steam from the cylinder equal to 121bs 
to the square inch, commonly termed a 12ft)S vacuum ; and uncon- 
densed steam will have been left in the cylinder, having a resisting 
force equal to 31bs to the square inch. In proportion to the quantity 
of steam condensed to the whole, so is the value or available pressure 
upon the piston. If the uncondensed steam left in the cylinder were' 
equal to 61bs to the square inch, then, in the other circumstances 
supposed, the available pressure upon the piston would be only 141bs 
to the square inch — a proof that vacuum is not power, as many are 
led to suppose. All power in the Steam Engine is derived from the 
pressure of the steam upon the piston. If there be no resistance on 
the other side of the piston, the whole pressure is available ; when 
there is resistance, whatever be the amount, it has to be deducted. 
The available power of steam on the piston is what is left of the 
whole force when that deduction is made. The term " suction" is 
often used. There is no such process in nature, or in mechanics ; 
and the use of the term only tends to confound the practical worker. 
AU power derived from air, steam, or gas, is the result of pressure, 
or density ; and in proportion to the pressure, so is the power. 

If 51bs more pressure to the square inch be added to the 5fcs 
before described, the pressure of the steam above the atmosphere 
will be lOlfos to the square inch, making only 25ifos as the available 
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pressure. Many suppose that by doubling the pressure above the 
atmosphere, or double the pressure on the steam gauge, they double 
the power of the steam, and that they also double the power of the 
Engine. Such is not the case. They have only, in the case last 
supposed — though the pressure of steam in the boiler above the 
atmosphere is doubled — added 5ft)S to the 20ft)S already available. 
This only gives 251bs to the square inch upon the piston of the 
Engine, in place of 201bs. The increased power of the Engine is as 
25 is to 20, supposing the non-resistance, or in other words, the 
vacuum, to be the same. In the practical working of Engines, it is 
seldom that the full pressure in the boiler can be brought to bear 
upon the piston. To ascertain the real pressure operating on the 
piston at any given time, the Indicator has to be resorted to in^ the 
manner hereinafter explained. 

These examples have reference only to Condensing Engines. 
High-pressure, or Non-condensing Engines, are constructed upon a 
different principle. In them, the power of the Engine is as the 
pressure of the steam above atmospheric pressure. Steam at 301bs 
to the square inch above the atmosphere, that is 30ft)S on the steam- 
gauge, applied to the piston of a High-pressure or Non-condensing 
Engine, will exert a force equal to the pressure in the boiler above 
the atmosphere, provided there be suflBcient room in the passages 
betwixt the cylinder and the boiler, so that obstructions in the steam 
course do not reduce the pressure before entering the cylinder — the 
other side of the piston being open to the atmosphere, and the 
steam only having to overcome the atmospheric pressure in its escape 
from the cylinder. 151bs from the total pressure of 45ft)S is lost, 
provided the steam has been expanded in the cylinder to its full 
limit, which is not often the case in practice. If not expanded, the 
loss will be greater ; it will be in proportion to the pressure of the 
steam on the piston above the atmosphere at the termination of the 
stroke. If we double, the pressure in the case just supposed, and 
bring the whole to bear upon the piston, and expand the steam to 
atmospheric pressure, the power of the Engine will not be doubled, 
but will be as 14-64 to 10, or 1*464 to 1 ; because the pressure of the 
atmosphere added to 60 makes 75, not twice 45, which would be 90. 
Where a partial vacuum is formed, as in the Condensing Engine, steam 
at SOlbs to the square inch above the atmospheric pressure would press 
with a force equal to 42ft)S per square inch, supposing the resistance 
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of the uncondensed steam to be only equal to Slbs to the square inch. 
As before observed, the one side of a piston of a High-pressure 
Engine is open to the atmosphere through the exhaust pipe, when 
the steam is exerting its force on the other side ; and as the resistance 
of the atmosphere is lolbs to the square inch, it follows that the 
power of the steam is as its own pressure above the atmosphere : or 
in other words, the pressure above the atmosphere is the available 
power obtained in the High-pressure or Non-condensing Engine, 
when the full pressure in the boiler is brought upon the piston. 

The steam upon the piston of some Condensing Engines, is, at 
one portion ol its stroke, below the atmospheric pressure. The 
pressure of the steam upon the piston at the commencement of the 
stroke or descent of ^he piston, is for one-seventh the length of the 
cylinder, equal to 32lbs to the square inch, or 17lbs to the square 
inch above the pressure of the atmosphere. The valve is then 
closed, and the communication with the boiler cut oflf — and the 
steam in the cylinder is expanded for the remainder of the stroke, 
decreasing as the piston approaches nearer and nearer to the end of 
the cylinder. Suppose the grease tnp in the cylinder to remain open 
during the whole length of the stroke, the steam will rush out in 
proportion to its own pressure above the atmosphere, until the 
pressure is equalised. As the piston descends, the pressure of steam 
is reduced, by expansion, until it gets below the prcsanre of the 
atmosphere ; and then the atmosphere will rush into the cylinder. 
At the same time the cylinder will be full of steam. After crossing 
the atmospheric line, the steam is not equal to the resistance, or the 
power of the surrounding medium ; therefore, at one portion of tho 
descent of the piston the steam will rush out, displacing the air for 
a certain distance of the stroke from the top of the cylinder ; and at 
the other portion of the stroke, or of the piston's descent, the air will 
lush into the cylinder, when the steam is below the pressure of the 
atmosphere, and will exert a force upon the piston equal to the 
difference in pressure between the steam and the air, because the 
pressure of the steam in the cylinder has been reduced by expansion 
below the pressure of the atmosphere; but when steam below the 
pressure of the atmosphere is admitted into the cylinder at the 
commencement of the stroke, the air will rush into the cylinder at 
the time the steam from the boiler is admitted, if the grease-tap be 
kept open from the commencement of the stroke to the end ; thus 

L 
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showiDg the En^ne to be working with steam at a Ic^ pre^nre 
than steam from an open vessel ; or in other words, steam below the 
pressure of the atmosphere. Were the openings suflScieutly large, to 
admit a safficient quantity of air, no steam could enter the cylinder 
against the superior pressure of the atmosphere. If the st^ip in the 
boiler were below the pressure of tl^e atmp^her?, the boiler wofljd 
soon be filled with air. 

When steam at a pressure abovq the atmoisphere i^ admitted intp 
the cylinder, and kept up to the end of tj^e stroke, the steam woi^d 
rush out of the grease-tap, were it open the whole length of the 
stroke — ^because the steam in the cylinder has not been r^duqe4 by 
expansion, but has to be condensed in t)ie condenser by an eztea 
quantity of water ; thus giving the air-pump more work tp do, and 
losing a quantity of steam in proportion to the pres^u^re. If the 
steam be reduced to the lowest practical working pressure by expan- 
sion, the most has been made of it ; but if not expanded to its ^U 
limit, the loss will be in proportion to the amount of pressure 1^ in 
the cylinder previous to condensation — ox the exh,aus£ioii into the 
atmosphere, if a High-pressure Engine. 

In a Steam Engine not heavily loaded, forking with steam beloiff 
the pressure of the atmosphere from the boiler and in the cylinder, 
were the Safety-valve lifted from its seat, air woujld rush into the 
boiler, until the pressure became equal to the pressure of the 
atmosphere. Thus, air and steam would rush into the cylinder of 
the Engine with a force equal to the pressure of the atmosphere. 
As air cannot be condensed, like stoam, the vacuum would, be 
destroyed, and there would consequently be an equal pressure oji 
the piston. The result in such case, would be a stoppage of the 
Engine. 



EXPANSION or STSAM. 

Expansion of steam takes place when the communication with the 
boiler is cut off from the cylinder of the Engine, after the piston, haa 
travelled a portion of its stroke. The steam thus enclosed betwixt 
the piston and top (or bottom) of the cylinder, forces the piston 
forward to the end of the stroke. Supposing the valve to have 
closed when the piston had travelled one-fourth the length of the 
cylinder, and its pressure at that time to be 201fos above atmosphere 
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on each square inch, or 35ft)S the total pressure per sqnare inch upon 
the piston, it would begin to decrease in pressure as the piston 
were forced forward, till the piston reached the end of the stroke, 
when the pressure would be 8|ibs per square inch. For one-fourth 
the length of the cylinder, thie pressure would be 35ibs per square 
inch ; that is iitrhile the communication between the boiler and the 
face of the piston remained open. This communication being closed 
at that point, the steani would begin to expand, forcing the piston 
forward. TVhen the latter arrived at half stroke, or at the half 
length of the cylinder, the pressure would be n^fcs upon the square 
ihch ; when it arrived at three-fourths the length of the cylinder, 
the pressure upon it would be 11 fibs per square inch ; and at the 
end of the stroke the pressure would be 8|ft)S per square inch, or 
6^1\m per square inch below the pressure of the atmosphere — the 
steam having gradually expanded during the traverse of the piston, 
down to 8|lbs at the tenhination of the stroke— leaving only the 
latter amount to be condensed. 

Expansion is, perhaps, the most extraordinary property of steam. 
The merit of the discovery is due to Hornblowkr, who, in 1781, 
obtained a patent for the invention. He states that when steam is 
confined on one side of a piston, and a partial vacuum is formed on 
the other, the steam will move the piston till its force is in equilibrium 
with the friction and uncondensed steam on the under side of the 
piston, and power is communicated during the motion, in addition 
to the ordinary effect of the original steam pressm'e. To apply this 
power, which was lost before, Hounblower used two cylinders in 
which the steam was to act. He applied the steam, after it had 
acted in the first cylinder, to operate a second time in the second 
fiind larger cylinder, by permitting it to expand. This he accom- 
plished by conn Citing: the cylinders together by proper apertures. 
We give his own description in the words of his specification : — " I 
employ the steam after it has acted in the first vessel to operate a 
second time in the other, by permitting it to expand itself, which 1 
do by connecting the two vessels together," 

The expansive property of steam is strictly mechanical, and is a 
property cbmmon to all gaseous fiuids — air, gas, &c. '^ It simply consists 
in this— that vapour of a [given elastic force will expand to certain 
limits, and during the process of expansion will act on opposing 
bodies wit'b a' force gradually decreasing, causing a diminution of 
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elastic power in an inverse ratio to the increase of volume, until it 
has reached the limits of its power^ or is counterbalanced by the 
resistance' of a suiTOunding medium. Thus, steam of any given 
pressure, expanded to twice its original bulk, will exert only one 
half its original power. If a partial vacuum be formed on one 
side of a piston, its motion will be continued until the density of 
the steam on the other side be as low as that of the uncondensed 
vapour on the vacuum side of the piston. It is clear that the 
power which may be obtained by thus impelling a piston will be 
the average between the highest and the lowest pressure upon the 
piston. It must also be understood that it is a saving, and not a 
OAIN, that thus results from expansion : a power being made avail- 
able which was before lost, by using the steam up to its last impelling 
force, and not allowing it to escape until the whole of that available 
force has been expended. This accounts for some Engines using 
moie fuel and steam than others, because the steam is not expanded 
to its utmost limit, in consequence of the steam not being cut off 
by the valve soon enough ; or that the load on the Engine is great, 
and requires the steam to be longer on the piston before it is cut off. 
If the load on the Engine be such as to allow the £team to be cut 
off early, and to expand to its full available limits in the cylinder, 
then the most will have been made of it ; the highest pressure in the 
boiler will have been used upon the piston, and down to the lowest 
point. Were atmospheric air compressed so as to exert a force of 
201bs on the square inch, and were the supply to be continued 
throughout the stroke, an impulse would be given to the piston 
equal to 20lbs to the square inch during the whole stroke; but if 
the air was allowed to expand, the impulse would only be as the 
average. It will be evident that, if in the former case the air 
was suffered to depart from the cylinder at the same elasticity as 
that which it entered, we should lose the force which was necessary 
to compress it tp its density ; while, by expanding it to its limits, 
we apply every part of that force. The main spring of a watch 
actuates its machinery in this manner: — an increasing effort is 
required to wind up the spring, and a decreasing impulse is given 
back to the machinerj'. But if, after the spring had partially 
uncoiled itself, it were then liberated, the* force which wound it up 
to its last impelling point would be so far lost. ?o in the Steam 
Engine : if the steam be allowed to escape from the cylinder before 
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its force is expended by expanding to the lowest available pressure, 
the Igss will be in proportion to the amount of the pressure not made 
ayailable. 

A certain quantity of fuel is required to raise steam to a certain 
elasticity. If that steam be allowed, after having moved the piston, 
to escape into the atmosphere or condenser without having aoted 
expansively, a portion of the fuel which was consumed to raise the 
steam up to that point of elasticity will have been lost. In one cane 
a giren bulk of fuel would produce fifty : in the other case it would 
produce fifty, added to all the intermediates down to the lowest 
expansive force, 

Ry this it will be apparent that the advantages arising from 
expansion increase with the pressure of the steam. In Condensing 
Engines the steam expands to half an atmosphere, and sometimes 
even to lOlbs or 12lbs- below the atmospheric line. In Non- 
condensing Engines the steam expands to one or two pounds above 
atmosphere, but often not so low. This entails a loss in proportion 
to the pressure of the steam thrown into the atmosphere. • 



WOEKINQ STEAM EXPANSIVELY IN ONE CYLINDER. 

There are two modes of applying the power of steam to the working 
cylinder, namely : one, allowing steam to flow from the boiler during 
the whole length of the stroke ; and the other, cutting it oflF from 
the boiler when the piston has travelled a determined distance — the 
great and paramount object of this last arrangement being a saving 
of fuel. 

If steam be applied the full length of the stroke, the average 
pressure will be as the pressure per square inch upon the piston ; 
but if the' steam be cut ofiP at half stroke— suppose the pressure to be 
751bs per inch when the pressure of the atmosphere is added — there 
will be a mean equivalent, or average pressure, throughout the stroke 
of G3*481bs per square inch ; being only ll'Slbs less than the full 
pressure, or 15-36 per cent, of a loss in power, though half the former 
quantity of steam has only been used. This alone effects a saving of 
41 per cent., and shows the great benefit to be derived from expan- 
sion in one cylinder. 

If this principle be true — and its truth is undeniable — it is quite 



evident that the gt^aitest tJcondmy Will reftiilt from extending eipan- 
Bion to its fall limit, and making the cylinders of Steam Engines of 
sufficient capacity for this purpose ; though with the high-preissures 
with which expansion is most available, they will require to be less 
than are usually made, to allow the Engines to produce the maximum 
eflfect. The table which follows this section shows, according to the 
pressure used, the average pressure of st^am upon the piston when 
cut off at at any portion of the stroke. The tablb begins at lOlbs 
above atmosphere, and advances in Slhi up to 1501bs per square 
inch. This table will enable the Engineer to determine, by anjr 
given pressure, the amount of expansion required for the potrer to 
be obtained, arid the saving thereby to be isffected. 

The prihciple of expanding the steam in the Condensing Engine 
is the same as in the Nori-cbhdensing Engine^ excepting that the 
steam^ which exhausts into the atmosphere^ cannot expand below 
151bs per square inch, because the exhaust is open to the pressure of 
the atmosphere in all cases. The resistance of the atmosphere ^151bs) 
must be added to the pressure of steam above atmospheric pressure, 
when calculating the pressure of the expansion of steam upon the 
piston. For example : steam at 201bs pressure above the atmosphere 
upon the piston, cut off at one-fourth the stroke, vrill be 8|lbs at the 
termination of the stroke, as shown by the following calculation : 
201bB added to 151bs, the pressure of the atmosphere^ equals d51bs. 
This divided by four, gives the quotient 8|lbs. Thus, 8 Jibs is the 
pressure at the termination of the stroke, or 6:^lbs below atmospheric 
pressure. The diagram which follows, — ^No. 12, and the expla- 
nation, — illustrate the principle more fully. 

The cylinder is represented by Diagram No. 12, divided into 
ten equal parts. The pressure of the steam used is supposed to be 
601bs per square inch above the pressure of the atmosphere. Suppose 
the steam to be cut off at one-tenth of the stroke, and the piston to 
be travelling the other nine portions by the force of the expanding 
steam : in calculating what vrill be the pressure at the termination, 
or at any other portion of the stroke, add the pressure of the 
atmosphere to the pressure of steam above atmospheric pressure. 
Thus, let 601bs be the pressure of steam in the cylinder above the 
atmosphere, and add 151bs as representing the pressure of the 
atmosphere, or a perfect vacuum, which together will equal 751b8 
presdure. Then> whatever be th<$ point, or proportion of the length 



of stroke at whjcl^ the steam is cut off^ the total initial presauxe 
muet be divided by it to obtain the terminal pressure. Thus, in 
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Diagram 12> it is cut off at one-tenth, and as the total initial 
pressure is 751bSy the terminal pressure is 75-rl0=7'51bs. The 
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preBsnre is here shown at the end of each space of equal lengths 
through which the piston has moved. The sum of these pressures 
when added together, and divided by ten, will not give the average 
pressure, because they represent the pressures at the termination of 
each of the spaces, and not the average pi-essure of the spaces, which 
must be obtained to arrive at the mean average pressure of the 
Diagram. 

The average pressure in this case — ^the cut-oflf being one-tenth, 
and the terminal pressure 7'51bs, calculated by the hyberbolic 
logarithm, is 24'771bs. By keeping the steam at full pressure the 
whole length of the stroke, the average pressure will be as the initial 
pressure, 75lbs. By cutting of the steam at one-tenth of the stroke, 
the average pressure is 24*771bs, which is 33 per cent., whilst the 
quantity of steam used has been only ten per cent., — showing the 
great benefit of expansive working, being in this case 33 to 10, or 
3*3 to 1, in favour of expansion in this degree. 



Point of 
cut-off. 



FuU 
length. 

A 

8 
TIT 

7 

r<r 

6 

nr 

4 
T77 

3 
TIT 



i 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



a a 

•3 « 






100 
90 
80 
70 
60 
50 
40 
30 
20 
10 



Si S3 9 

> 
< 



100 
99-0 
97-84 
95-20 
90-0 
84-65 
76-64 
65-88 
52-18 
33-03 



^1 

« i 



100 
90 
80 
70 
60 
50 
40 
30 
20 
10 



^1 



a 



^ 
A4 



100 
99-0 
97-84 
95-20 
90-0 
84-65 
76-64 
65-88 
52-18 
33-03 



►»* 2 

a ^, Pi 

> 



•a 



100 
101-01 
102-207 
105-042 
111-11 
118-133 
130-480 
151-791 
191-644 
302-752 



5 

9 c IE 







t1 

I? 



I d 
> > 
"Sb 



100 
90-909 
81-766 
73-528 
66-666 
59066 
52-192 
45-537 
38-328 
30-275 



The accompanying table shows 'at one view the benefit derived 
from the expansive properties of steam. There are eight columns 
and ten lines. The first column represents the steam admitted during 
the full length of the stroke and cut ofiP at the end of every division. 
The succeeding columns give the initial pressure of the steam to the 
point of cut-off, which is lOOlbs per inch, including vacuum ; next. 
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the terminal presBore, then the average pressure ; next is shown the 
per centage nsed^ and then the per centage of power obtained. We 
have then the area of cylinder required for a given amount of power, — 
the area for steam at full pressure the whole length of the stroke^ 
being 100 inches. The last column gives the per centage of steam 
used for a given amount of power at each point of cut-ofP, and with 
cylinders proportioned as in preceding column. It will be observed 
that the greater the amount of expansion, the higher is the per 
centage of power for a given amount of steam. 

The conducting properties of the metal rob the steam of its heat 
in proportion to the difference of the temperature. Hence the 
necessity of clothing high-pressure cylinders with felt, or other 
non-conducting substance, to prevent the absorption of the caloric ; 
or of casing them, keeping steam in the casings at the pressure of 
the boiler. The higher the temperature at which the cylinders of 
Steam Engines can be maintained, the better. 



THB FOLLOWING TABLB 

Shows, according to the pressure used, the average pressure of 
steam upon the piston, cut off at any portion of the stroke, beginning 
at lOlbs, and advancing in 5lbs up to 1501bs per square inch ; 
enabling the Engineer to determine, at any given pressure, the 
amount of expansion requisite for the full power to be obtained, and 
the saving thereby to be effected. In all cases the pressure of the 
atmosphere must be added to the pressure of the steam above 
atmosphere, when reference is made to the table for the average 
throughout the stroke. 

Example: 151bs pressure on the piston above atmosphere, cut 
off at one-fourth the piston's traverse, will be thus : ISlbs steam 
and 151bs the pressure of the atmosphere=30 : then look for 301bs 
at the head of the table, and down the first column for ^ ; trace that 
i under 30, and you will find the average to be 17|lbs throughout 
the stroke. For other proportions follow the same principle — that 
is, supposing the vacuum to be 151bs. If there be not 151bs of a 
vacuum, the amount of pressure below must be deducted from the 
average. 

If a Non -condensing Engine, where the steam is expanded into 
M 
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the atmosphere, the case will be different : because the steam cannot 
expand below 151bs to the square inch, — that being the pressure of 
the atmosphere. 

Example : 45lbs steam above atmosphere upon the piston of a 
High-pressure Engine, cut off at one-fourth the length of the stroke. 
The average pressure throughout will be — allowing lib for friction 
and back-pressure to force out the steam in the cylinder — 19|lbs. 
Thus: 451bs steam cut off at one-fourth the stroke, with I51bs 
added, make 601bs. Look for 60 on the top line of the table, and ^ 
on the side. Trace that ^ to the figures under 60, and the average 
will be found to be 35|lbs. Take 16lbs from 35 Jibs, for atmospheric 
pressure and friction, and there remains 19|lb8 — the available 
average pressure on the piston. 

Example: 301bs cut off at one-third. Add 15,= 45. The 
average in the table will be 31^: deduct 16lbs, and there remain 
15^1bB, the available pressure upon the piston. 

Another Example : 151bs cut off at half-stroke. Add 15,=30. 
The average in the table will be 25^. Deduct 161bs and 9 Jibs 
remains the average available pressure. 

In these examples the steam in the cylinder has expanded to 
atmospheric pressure. 

In proportion to the pressure of the steam, the cut off will have 
to be varied, as shown by the examples, if the steam is to be 
epxanded to its fall limit in the cylinder of a Non-condensing 
Engine; that is down to 151bs, or equal to the pressure of the 
atmosphere. 



NOMINAL AND INDICATED HORSE-POWER OF STEAM ENGINES. 

The nominal horse-power of a Steam Engine, as laid down by James 
Watt, the inventor of the Steam Engine Indicator, is 33,000lb8 
raised one foot high per minute. Upon this calculation he defined 
the power exerted. His first premise was to ascertain the average 
pressure of steam upon the piston ; and for this, as a standard, he 
laid down as a rule, an available pressure of 7lbs per square inch. 
The speed of the piston he computed at 220 feet per minute. These, 
in his day, were about the average pressure and speed Steam Engines 
were worked at. Thus, a Steam Engine with a cylinder 26 inches 
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diameter^ with an average pressure of steam and vacuum* on the 
piston of 7lb8 per square inch — ^when the friction of the Engine is 
deducted — travelling 220 feet per minute, will be of twenty-four 
horse power, or, as it is termed, a twenty-four horse Engine. It 
would, in fact, be no more when worked at the before-named pressure 
and speed ; that is, it would exert no more than twenty-four horse 
power. This then is, nominally, a twenty-four horse Engine ; and 
were the Indicator to be applied, it would show the Engine to be 
working not more than twenty-four available horse-power ; for the 
'* indicated" horse-power in this case would be precisely the same as 
the "nominal" — ^viz., 24 times 33,0001bs raised one foot high per 
minute. 

The term ^^ nominal horse-power" is used because we ascertain 
originally the power of an Engine by calculation on the basis above 
laid down ; and when we say " indicated horse-power," it is because 
we ascertain the power by means of the instrument known as the 
Indicator. A horse-power, whether termed " nominal " or ^' indicated," 
is therefore nothing more or less than ?3,0001bs raised to the height 
before described — independently of the Motion of the Engine. 

But let us suppose the same Engine to be worked at an increased 
pressure — say at 30lbs per square inch average steam p,nd vacuum ; 
and the speed, instead of being 220, to be increased to 350 feet per 
minute — (and many Engines are worked at the speed and pressure 
here referred to) — the power of the Engine would be increased to 
168 horse-power — or to seven times the amount of the "nominal" 
designation. Though still " nominally" a twenty-four horse Engine, 
it would, in reality, l^e an Engine of 168 horse-power. At the speed 
and pressure above stated, it would indicate that amount. Thus it 
is by the increase of speed and pressure that Steam Engines are made 
to exert more power than they were originally calculated for ; or at 
least, more power than the " nominal " designation. Steam Engines 
are now made much stronger for the same "nominal" power, than 
in the days of Watt. With all Steam Engines, as the pressure and 
speed are increased, so is the power increased ; but this augmentation 
of power is not obtained without an increased quantity of steam 
proportionate to the increased pressure, except where steam is used 
expansively. It will therefore be apparent that the term " nominal" 

♦ This term is here used as in general parlance : not that there is power in vacuum ; hut to 
make the rule understood amongst those who use tlie term, the popular idea is here adoi»ted. 



horse-power can only be legitimately used in the sale or pwrchaeB of. 
an Engine. On this rule, a twenty-four horse Engine means tliat 
the cylinder shall be 26 inches diameter, if a Condensing Engine ; 
and in the same proportion for a larger or a smaller Engine ; for 22 
square inches of area in the piston is one ^' nominal " horse^ if a 
Condensing Engine. If we multiply the diameter of the cylinder by 
the diameter, and diTide by 28, the product will be the number of 
'^ nominal " horse-power. 

EXAMPLE. 

Diameter of Cylinder, 80 inches. 

80 
30 

28 ) 900 ( 32 horse-power. 
84 

60 
56 



The purchaser of a Condensing Engine should have 22 square 
inches area of piston for each " nominal " horse-power, whatever the 
speed or pressure. The real power exerted can only be ascertained 
by the Indicator ; hence the term " indicated horse-power." 

This is the standard mode of ascertaining the real power for 
Condensing Engines, as laid down and established by Watt. It is 
now universally used by Engineers. In a case tried at Westminster, 
where power had been " let by the horse," it was referred to arbitra- 
tion ; and the question arose " what constitutes a horse-power ?" 
After due enquiry, it was legally established, for the first time, that 
33,000lbs raised one foot high per minute is one horse-power, which 
in the Steam Engine can only be correctly ascertained by the use of 
the Indicator. 

Non-condensing, or High-pressure Engines, are calculated for 
the "nominal" power by the following rule: — Eleven square inches 
area of piston is one ** nominal" horse-power. Multiply the diameter 
of the cylinder by the diameter, and divide by 14, the quotient will 
be the number of " nominal ^' horse-power. 

A High-pressure Engine, working with 401bs steam above atmo- 
sphere upon the piston, cut oflp at one-third the length of the cylinder, 
and expanding the remainder, the piston travelling 220 feet per 
minute, would only extrt the power for which it was nominally 
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calculated, independent of friction ; but take the same Engine and 
increase the speed from 220 to 440 feet per minute — ^which is quite 
practicable in a Horizontal Engine, if the fly-wheel be not too large 
— the power of that Engine would then be doubled ; but double 
the quantity of steam would have been used. The exhaust steam 
would be thrown away at the termination of the stroke, at 3*33ft)S 
above the pressure of the atmosphere. 

Suppose steam to be introduced to the same cylinder at SOflbs 
pressure above atmosphere, and cut off at one-third, as in the former 
case, the pressure at the termination of the stroke would be 31*661bs, 
or 16*661bs above atmosphere.. The result will be as follows — 
40-l-15=551bs pressure cut off at one-third,=18*331bs terminal pres- 
sure, and 38'474fl> absolute average pressure. Then deduct 15ft)s 
back .pressure=23'4741bs average effective pressure on the piston. 
Take now 80ft)S-l-15=95ft)S initial pressure, cut of at one-third== 
31*66ft)S terminal pressure, and 66*4541bs absolute average pressure. 
Then deduct 151bs back pressure, as in the fix's t case, and we get 
51*4541bs average effective pressure on the piston. In the latter 
case we have 2*19 times the average pressure, whilst the steam used 
has been 1*727 times the quantity, so that the saving by the higher 
pressure is seen to be 21*2 per cent. 

High-pressure Engines work at such varied pressures and speeds, 
that the rea/ power can only be ascertained by the Indicator; but 
the ^* nominal" power can be calculated by the rules explained above. 
In the purchase of a High-pressure Engine, the buyer should have 
eleven square inches area of piston for each " nominal" horse-power, 
whatever may be the speed or the pressure the Engine can be 
worked at. 



CHAPTEE IV. 



THE STEAM ENGINE INDICATOR. 

HISTORY OF THE INSTRUMENT. 

rTHE Instrument known by the name of the Steam Engine Indi- 
■^ cator was invented by the celebrated James Watt — a man 
whose name is indelibly associated with the improvement of the 
Steam Engine. The genius of Watt, combined with the facility of 
practical application possessed by him in an eminent degree, enabled 
him to become one of the greatest promoters of civilization, by placing 
at the command of his species a motive power for manufacturing and 
industrial operations almost illimitable. Having by his improve- 
ments created, as it were, this new motive power — the Steam 
Engine — an instrument to enable him to measure the definite amount 
of the power of each Engine, and to indicate defects in construction 
or working, became to him an indispensable requirement. To supply 
that want, he devised what is at present known as the Steam Engine 
Indicator. For a considerable period Watt kept the knowledge of 
that useful instrument to himself ; but having at length to send a 
Steam Engine abroad, and the responsibility of its erection and 
proper working devolving upon the firm of which Watt was a 
member, he furnished a mechanic, whom he sent out to superintend 
the erection of that Engine, with an Indicator, having previously 
instructed him in the art of its application ; showing him that by its 
aid he coaild set the valves of the Engine so as to produce the greatest 
effect from a given quantity of impulsive power. It was to this 
circumstance that the Engineering profession are indebted for this 
most valuable instrument ; for, as will readily be imagined, a know- 
ledge of the important aid it was calculated to render to the practical 
mechanic having been thus imparted, it could not be long kept secret, 
as Watt had hitherto kept it. 

Since the application to the Steam Engine Indicator of the 
revolving cylinder, no very considerable change has been made in 
the instrument. Numbers of slightly varying forms and proportions 
have been tried, which it is not necessary here to particularize. 
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It is obvious that the plan of Indicator i^rhieh will give ttie most 

accurate delineation of the actual operation of the steam within the 

cylinder, will be, undoubtedly, the best. To accomplish this, the 

instrument must be sufficiently free in its action to reveal every 

variation in pressure from whatever cause it may arise, and also 

sufficiently firm to ensure steadiness in working. The Swivel Arm 

Steam Engine Indicator, recently patented by Messrs, J. Hopkinson 

& Co., Engineers, Britannia Works, Huddersfield, meets these 

requirements in the highest degree yet attained. It is the most 

recent successful improvement in the Steam Engine Indicator, and 

has aheady reached a distinguished pre-eminence. Its perfect 

accuracy ; its complete freedom of motion, — ^revealing, as it does, 

every change of pressure, however slight ; its easy adjustability, 

general facility of application, and its unequalled accessibility in 

every respect ; render it altogether the most complete, perfect, and 

reliable Indicator ever made. 

It is a fundamental principle in Mechanics and Mechanism, that 
in the transmission of motion a simple and direct connection is 
invariably the best ; and any motion which is transmitted through 
a complex arrangement, consisting of many parts, will be obtained 
ac considerable disadvantage. This principle applies with peculiar 
force to the Steam Engine Indicator, the accuracy of which is affected 
by the conditions here indicated. The Swivel Ann Indicator has 
the motion of its piston transmitted to the pencil in the most direct 
way possible, and without the intervention of any intermediate levers, 
joints, or frictional parts of any kind. All its reciprocating parts 
are extremely light ; and, when considered relatively to the area of 
its piston, are infinit^esimal in weight ; the parts in contact are so 
few and simple, that the smallest possible amount of resistance is 
interposed to the free motion of the piston ; it is, therefore, not liable 
to the errors and inaccuracies which more complicated arrangements 
invariably occasion. A multiplicity of parts for the transmission of 
the motion of the piston inevitably generates an amount of friction 
which tends to retard its action in a sensible degree, and leads the 
Engineer somewhat astray, who may trust to the delineations of such 
an instrument. 

With many joints, wearing will unavoidably take place in the 
course of time, and this will be another source of eiTor which it is 
important not to overlook. These considerations will show most 
5 
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conclusively the superiority of the Direct Acting Swivel Arm Steam 
Engine Indicator. 



DESCEIPTION OF IKDICATOB. 



A GENBiiAL view of this Indicator is given in the acQompanying 
engraving, A is the outer barrel, or casing, of the Indicator cylinder 
B, leaving a space between this and the outer casing, thereby keeping 
the steam cylinder at a more equable temperature than would other- 
wise be obtained. C is the piston, working in the cylinder B, and 
ground to a perfect fit. D is the spiral spring, which is fast at one 
end to the piston C, and at the other end to a small block and disc, 
held firmly in position by the cap N, which is screwed on the top of 
the casing A. The piston-rod E passes freely through the centre of 
the cap N, which forms its guide, and keeps it parallel with the 
steam cylinder B. The swivel arm, F turns freely round on the nut 
F», which screws on the top of the piston-rod E. There is a guide- 
bar Q fixed to one end of the swivel-arm F, which slides freely 
through a hole (the hole being slightly elongated) in the horizontal 
arm H. The horizontal arm H is attached to the cap N, and turns 
on it as its centre, the other end of the horizontal arm H having a 
small handle by which the operator is enabled to apply the pencil 
I to the paper, which is fastened around the paper barrel J, whilst 
the piston-rod and swivel arm are moving up and down by the action 
of the steam on the piston C. The paper barrel J fits accurately on 
an inner barrel, which contains a helical spring, so that when the 
cord K has been drawn out to its proper length by its attachment to 
some suitable reciprocating part of the Engine, the paper barrel J 
will then be revolved in the opposite direction by the helical spring 
already named. The guide pulleys are attached to an adjustablebracket 
K*, which is firmly held in whatever position may be found requisite 
by the thumb-screw K^. This being adjustable, will be found to be 
advantageous. 

The paper on which the diagram is to be taken must be secured 
to the paper barrel J by the bar L, which is attached by the screw 
at L^ ; the other end being movable, and when put in the position 
shown, holds the paper fast. 

The most convenient way of putting on the paper is to lift off 
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the paper barrel J, attach the paper, and then put the barrel in 
position again. M is the Indicator tap, which must be screwed to 
the permanent cylinder tap. The Indicator A is united to the tap 
M by the union coupling O, which has two short arms for the 
purpose of turning it round. 

The method of applying the pencil to the paper is quite novel, 
and is one of the distinguishing features of this Indicator. It 
enables the operator to take the diagrams with the utmost ease and 
facility, and reduces the friction to a minimum ; indeed, the delicacy 
of the guide bar G prevents any excessive friction. The Indicator 
is adjustable in every respect necessary for its use ; the springs can 
be changed easily and quickly, and without removing the Indicator 
from the cylinder; and every part is accessible with the least possible 
inconvenience.* 

This Indicator will be tbund to give the most accurate and 
faithful diagrams which can be obtained from a Steam Engine 
cylinder. The bare enumeration of a small proportion of important 
Engineering and Manufacturing Firms, who have already adopted 
it in preference to all others, would alone suflSce to show its 
superior merits, and the high estimation in which it is already held 
by those who are the most competent judges. In our own and 
adjoining counties it is now so well known, and so highly appreciated, 
that no special reference is at all necessary. For more distant parts 
of the kingdom it may not be altogether superfluous, and certainly 
not inappropriate, to quote the testimony of a gentleman who is 
acknowledged by all Engineers, who know him, to be pre-eminently 
qualified to give an opinion on this subject, viz., Orme Hamerton, 
Esq., Superintendent of the Board of Trade, Southampton. He 
says — "The little defects detected by your instrument are not 
observable in diagrams taken by any other Indicator." 

The diagrams given in another part of this work will conclusively 
prove the capabilities of the Indicator, being from Engines of 
different speeds and pressures, and with many varieties of valves. 
Its extreme sensitiveness reveals every irregularity or defect of any 
kind ; and its steadiness is all that is necessary for the most exact 

* A number of springs are supplied with each Indicator, suitable for the various pressures 
at which steam is usually admitted on the piston. The springs supplied being respectively of 
201b8, 30tt>8, 40Ibs and GOtbs pressure, and^lOlbs, 161bB, 201bs and SOlbs per inch. For example, 
the spring marked 201bs is lOlbs per inch, and is suitable for all pressures in the cylinder which 
do not exceed 201b8 above atmosphere. So the spring marked 60Ibs may be used for pressaret 
not exceeding 601bs above atmosphere. Bprings of any required pressure are made to order. 
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Indication. Any increase of steadiness would necessarily be at the 
cost of diminished accuracy. 



HOW TO USB THE INDICATOR — ^ARIlANGBaiBNTS AJTD PBECAUTIOSB. 

NSCE8SA&Y. 

To connect .the Indicator to the cylinder it is necessary that there 
should be taps fixed permanently at each end of the cylinder for that 
purpose, so that the Indicator can be applied at any time conveniently. 
It is very objectionable to have to fix the Indicator on the grease- 
tap, or any such unsuitable appendage, as much loss of time is 
occasioned thereby ; and such taps are very rarely found in positions 
where the Indicator can be properly worked. Before screwing on 
the Indicator, open the cylinder taps to which it is to be applied, 
in order to blow out any dirt which may have accumulated, other- 
wise the dirt would be blown into the cylinder of the Indicator. 
This precaution is absolutely necessary to ensure a correct diagram, 
for the Indicator cannot work properly if its piston be impeded by 
dirt of any kind. It is also important that the piston of the Indi- 
cator should be lubricated with the best of oil, — neat's-foot oil is 
found to be the best for the purpose. Pour about a dozen drops 
down the piston-rod when the cap is ofP, and the oil will get to the 
place where it is wanted. Take the tap which is sent with the 
Indicator, and screw it into the cylinder tap already named. Then 
take the Indicator and turn round the coupling screw O until the 
Indicator is firm, and so that it stands with the paper barrel in the 
position most suitable for the occasion. 

Now, take off the paper barrel from the drum on which it is 
placed. Take the string which is wound round the groove at the 
bottom of the drum, and attach it to a string which is fastened to 
the radius-bar of the Engine. Let the string on the radius-bar be 
attached at a point which will give the right length of traverse of the 
paper barrel. (The length suitable for this Indicator being about 
six inches). In the case of Horizontal or Direct-acting Vertical 
Engines, a radius-bar, or some other suitable arrangement must be 
provided for the purpose. Put the paper on which the diagram is to 
be made around the loose paper barrel whilst holding it in the left 
hand, and fasten it down by the movable bar. Having got the right 
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traverse by a proper adjustment of the strings, detach them, so that 
yon may put the paper barrel on the drum, in such a position that 
the notch will fit on the small projection. It will be found most 
conyenient to take off the paper barrel every time a diagram has been 
taken, — being the simplest and handiest way of unfastening the 
paper and putting another one on. 

Many precautions are necessary to be observed in the attach- 
ment and working of the Indicator. In the first place, it is 
important that the Indicator should be fixed as close to the end 
of the cylinder as possible, so that the pressure on the Indicator 
piston will be equal to, and simultaneous with, that in the cylinder 
of the Engine, otherwise the diagram produced will not be 
correct. In some cases a pipe is brought from the end of the 
cylinder to a convenient place for fixing the Indicator. In other 
cases a pipe is brought from each end of the cylinder, meeting mid- 
way, where a two-way tap is placed, into which the Indicator tap 
may be screwed, so that diagrams from both ends of the cylinder 
may be taken without removing the Indicator. Careful experiments 
have proved that diagrams so taken are not correct, — showing later 
in opening and closing, than when the Indicator is fixed close to the 
end of the cylinder. It may not be altogether superfluous to say, 
that the cylinder taps should be so placed that when the piston is at 
the end of its stroke, the opening to the tap should not be covered 
by the piston. If this should be the case, the diagram would be 
useless. » Numbers of cases have occurred in which taps have been 
so misplaced. 

The next precaution to be observed is, that the spring which is 
attached to the radius-bar must be placed at right angles with it, 
otherwise the motion of the revolving paper barrel will not correspond 
with the motion of the piston of the Engine. Many errors arise 
through ignorance of this important fact ; sometimes errors of a 
serious character. In Beam Engines — the string being attached to 
the radius-bar, or what is generally known as the parallel motion, 
will be sufficiently correct, provided the taps be fixed in suitable 
places, — as near perp^dicular with the point at which the string is 
attached as is practicable. In Horizontal and Direct-acting Vertical 
Engines it is generally necessary to fix a small pulley for the string 
to pass over from the radius-bar to the Indicator, in order to obtain 
the proper motion. In all cases let this pulley be perfectly trae, and 
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have a smooth and easy motion, bo that it does not interfere with the 
perfect regularity of the motion of the paper barrel. See, also, that 
the radius-bar does not jar or vibrate, as that wonld commnnicate 
an unsteady motion to the rotating barrel, which must be avoided as 
much as possible. 

The OBual method of attaching the radius-bar to the cross-head 
is to have a slot in the radins-bar, which will slide on a stud in the 
cross-head, — thus allowing for the varying length from the fulcrum 
on which the radius-bar is centered, to the pin in the cross-head, at 
every part of the stroke. For Engines of quick speed it is better to 
attach the radins-bar to the cross-head by a connecting-rod, to allow 
for the variable length required, instead of having a slot as just 
described. This will give a gteadier motion. In all cases, let the 
radius-bar be at right angles with the piston-rod, when the piston is 
in the middle of its stroke. 

ftaflmm No 13 




In Horizontal Engmes the radius bar is sometimes made veiy 
short — even less than two thirds the length of the stroke l*ow if 
the Engine has an early cut off the diagram will not be correct but 
will show the cut off earlier on the diagram than is actually the case 
in the cylinder. 

llie deviation, or error, will be proportionate to the length of the 
radiuB-bar, — being greatest when the radius-bar is the shortest. The 
most correct method of giving motion to the paper barrel of the 
Indicator — which is applicable more particularly to Horizontal 
Engines, — is the arrangement of revolving pulleys, in the manner of 
Diagram No, 13. 

Insert studs at the ends of the slides, bo that the top or bottom 
of the pulleys be parallel with the stud in the cross-head. On these 
■tndB at the ends of the slide are tobe placed grooved pulleys, suitable 
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for a cord of three-eighths or half inch in diameter, which must be 
stretched tightly over the pulleys, as shown in diagram. Fix a stud 
of five-eighths or three-fourths of an inch in diameter in the cross- 
head, haying a rounded end. Then get a piece of iron about three 
inches long by one-and-a-half inches broad, and say three-eighths of 
an inch thick, and have the ends rounded as shown in diagram. Bore 
a hole in the middle, which will just fit on the stud in the cross- 
head without being too tight, but still a nice fit, so as tiO prevent 
shaking ; bore a hole at each end also, into which the two ends of 
the cord must be fastened. The metal link thus connecting the 
two ends of the cord can always be put on the stud when the 
Engine is in motion, unless the speed should be excessive. 
The grooved pulley nearest the cylinder must have a boss on it, 
around which the string* which revolves the paper barrel of the 
Indicator, winds and unwinds. It is quite obvious that this arrange- 
ment will give a steady and correct motion. It is much to be 
preferred to almost every other arrangement. The proper size of 
pulleys to use will depend upon circumstances. The relative 
diameters of the grooved pulley nearest the cylinder, and its boss, on 
which the Indicator string winds, can very easily be determined. 
Say a traverse of six inches is required for the Indicator. Suppose 
the stroke of the piston to be four feet. Then, six inches being one- 
eighth of four feet, it follows that whatever be the diameter of the 
pulley (that is, where the cord rests) the boss must be one-eighth 
of it. 

It may be advisable to have a fiange at the outer end of the boss, 
through which a small hole can be bored, in order to fosten the end 
of the Indicator string. 

There can be no difficulty in understanding this arrangement, 
and applying it. 



CHAPTEE V. 



TO FIND THE POWER OF AN ENGINE. 

T^HE amount of power given by a Steam Engine is conventionally 
•^ described as the number of horse-power. The standard of a 
horse-power — ^which is usually expressed symbolically thus, H.P., 
and indicated horse-power thus, I.H.P — is 33,000 foot pounds per 
minute ; or, to state it fully, it is equivalent to 33,000ft)S weight 
raised one foot high in one minute. 

We have here three quantities — Timey Distance, and Weight To 
reduce the motions, pressures, &c., of the Steam Engine to these 
quantities, we proceed in the following way. 

Ascertain the number of revolutions which the Engine runs in 
one minute. Then ascertain the exact length of the stroke, which 
can be done by measuring the distance from the centre of the fly- 
wheel shaft to the centre of the crank-pin ; this being the radius, is 
half the length of the stroke. Then, as there are two strokes in one 
revolution, so double the length of the stroke, or four times the 
radius, must be multiplied by the number of revolutions to obtain 
the number of feet which the piston traverses in one minute.* 

We have now got two of the quantities — tims and distance ; the 
remaining quantity, weight, we obtain thus : Get the diameter of the 
cylinder in inches; then square the diameter, and multiply the 
product by the decimals 0'7854, which will give the area of the 
cylinder in square inches.j In order to be absolutely correct, the 
sectional area of the piston-rod, which is non-effective, should be 
deducted from the area of the cylinder. If the piston-rod be only at 
one end of the cylinder, as is generally the case, then half its sectional 
area only should be deducted from the area of the cylinder, in order 
to get the mean of both ends. Having now got the correct area, 

* Much confusion arises from incorrect definitions. The old practice (which ought to be 
obsolete now) of speaking of a revohition of the Engine as a "stroke," is entirely wrong and 
inapplicable to Engines which give a continuous rotary motion. Each time the piston moves 
from one end to the other end of the cylinder, constitutes a stroke. Engineers should 
remember this, and be more precise in their statements. The old definition applies only to the 
Sinfi^e-acting Pumping Engine. 

t The area can readily be got f^m the Table in the Appendix. 
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take diagrams from each end of the cylinder, in the way already 
described. Divide the diagrams into ten eqnal parts by the brass 
dividing scale, and measure each space by the pressure scale — taking 
care to use the scale corresponding with the spring used when the 
diagram was taken. Be careful to get the mean pressure in each of 
the spaces, and write it down in figures in the space. In diagrams 
from Condensing Engines, it is a general practice to measure the 
spaces above the atmospheric line, and the spaces below, separately, 
and add the sums of the two columns together. For the purpose 
merely of ascertaining the effective pressure, one measurement will 
do equally well. The measurement of the power is the area of the 
enclosed space within the bounding lines of the diagram made during 
one revolution of the Engine^ so that for this purpose the atmospheric 
line might be disregarded. 

Having now got all the spaces measured, add them together, and 
place the sum of the whole at the foot, and divide by ten — the 
number of spaces. The simplest way of dividing by ten is to place 
the decimal point. If the total be, say 145, then place the decimal 
point thus, 14*5, which is all that is required. II the pressure should 
be found unequal at the two ends of the cylinder, then it will be the 
simplest to add together the averages of each end, and divide by two, 
in order to get the mean pressure of both ends. 

The mean average pressure of steam on the piston, as per 
diagrams, being now obtained^ multiply it by the area of the 
cylinder (or piston), and this will give the number of pounds 
pressure on the piston. This is the third quantity-^-tc^^^^^. 

Having now got all the quantities, we have only to multiply 
together the two latter — distance and weight — and divide by 33,000, 
and we obtain the indicated horse-power (I.H.P.) 

Diagrams will occasionally be found which seem not to be 
answerable to the conditions here given for their measurement. 
Such is No 40, which has two enclosed spaces. In this, and in all 
similar cases, the smaller enclosed space must be deducted from the 
larger one. Now, as every reader may not see why this deduction 
should be made, we will explain. 

When the piston is advancing, the amount of the pressure propels 

it, in excess of the back pressure, constitutes the effective pressure ; 

for if the advancing pressure and the back pressure were equal, the 

piston would simply be in equilibrio— that is, it would have the 
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pressures of each side of it balanced, and therefore would not moTe, 
unless moved by some external power. In Diagram No. 40, the line 
of propulsion is seen to terminate at ISlbs above the atmospheric 
line; whilst the back pressure line rises to 22ft)S, or 4!b8 higher, 
before the piston begins to return. From this end of the diagram 
to the point of intersection of the lines, the retarding pressure is 
greater than the propelling pressure, and must, therefore, be deducted 
from the other part of the diagram to give the true effective pressure 
on the piston. In measuring this diagram, divide the whole length 
into ten equal parts, a^ in all others,^and note down the average of 
each space. Then deduct the sum of the minus quantities (the sum 
of the spaces at the small end of the diagram) from the sum ot the 
positive quantities (the sum of the spaces at the larger end of the 
diagram), and divide by ten, as in all other cases. This will be a 
guide to the understanding of all other diagi'ams in which one part 
must be deducted from another. 

It was formerly the practice to make a deduction for the friction 
of the Engine — an average of 3ft)s being usually allowed. The real 
amount will be a very variable quantity, as will be seen hereafter. 
This practice has now been very generally abandoned, and the total 
of the diagram is taken as the measurement of the power of the 
the Engine. In all cases wbere calculations have to be made 
repeatedly for the same Engine, an easier method of procedure 
may be adopted than the one given above. 

The cylinder being of a given area, and the speed of the piston 
being a given number of feet per minute, all that is necessary is to 
multiply the area of the cylinder by the number of feet traversed by 
the piston, then divide by 33,000, and the quotient will be the I.H.P. 
per pound pressure. This number being always borne in mind, then, 
whenever diagrams are taken, and the average pressure found — the 
constant number has only to be multiplied by the average pressure, 
and the total I.H.P. will be obtained. 

Let us take an example. Suppose the cylinder to be 30 inches 
diameter, the stroke 5 feet, and the speed 10 revolutions per minute. 
Now, 5 feet 8troke=10 feet per revolution ; and as the speed is 40, 
the piston will pass through 400 feet per minute. The diameter of 
cylinder being 30 inches, the area will be 706*86 square inches. 
Assuming the piston-rod to pass through both ends of the cylinder, 
and to be 4 J inches diameter, the sectional area of which is 15-9 
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inches, which being deducted from 706*86, given above, the effective 
area of the cylinder will be 691 square inches. Then 691x400= 
276,400-7-33,000=8-375 I.H.P. per pound pressure. Now, if the 
diagram should giye an average pressure of 20ft)S, then we should 
have 8-375 I.H.P. x201b8= 167-5 I.H.P. Taking again the above 
quantities — that is, the speed, dimensions, and pressure of an Engine 
— and putting the two equations in the usual recognised form, they 
will stand thus : — 

1«T— 691x20x400 

= 167-5 I.H.P. 

83000 

2XD— 691X400 



= 8-375 I.H.P. x20=167-5 I.H.P. 



33000 

The instructions above given for deduction of the sectional area of 
the piston-rod may seem to some Engineers superfluous, as it is rarely 
done ; but its importance in some cases is too great to be neglected, 
as a very sensible difference in the power and in the economy of the 
Engine will sometimes be found. As an example, we know of a 
Compound Engine in which the high-pressure cylinder is seven feet 
stroke and twelve inches diameter, and the piston-rod four and a half 
inches diameter. Now this amounts to one-seventh of the area of 
the cylinder ; and, therefore, whatever might be the power of the 
cylinder, calculated in the usual way, without deduction for piston- 
rod, a deduction of one-seventh of the power must be made to obtain 
the true power. 

It may sometimes be desirable to ascertain the I.H.P of a limited 
portion of the total power which an Engine has to drive. Such, for 
instance, as one room in a mill— a certain machine, or class of 
machinery — and various other circumstances which are found to 
obtain. All that is i*equisite is to take diagrams with the full load, 
and then with such specified portions disconnected, and by subtract- 
ing the I.H.P. of the latter from the former diagram the desired 
result will be obtainc'd. 

A further precaution is desirable to.be observed. As the friction 
of the Engine is inevitably a part of the total power exerted, then a 
fair apportionment of it would require to be added to the amount 
pf power shown for such portions of machinery* 



CHAPTEE VI. 



FRICTION DIAGRAMS. 

TITILLOWNERS and Engineers are strongly recommended to take 
"^^ friction diagrams at short periodical intervals, in order that 
they may be able to reduce the friction of Engine and shafting 
to a minimum. It is highy probable that in many cases the friction 
might be considerably reduced. How excessive friction may arise 
will be easily seen by any one who has a moderate amount of 
experience and intelligence. Such things, for instance, as the piston- 
rings being screwed up too tight. Many Engineers, no doubt, 
remember instances where this has been done to such a degree that 
the Engine could not be run at the full speed, and it has been 
necessary to stop the Engine and slacken the piston-rings before the 
proper speed could be obtained. And so also in regard to the air- 
pump Then^ it is equally important to attend to the shafting ; and, 
indeed, it is rarely practicable to take a friction diagram of Engine 
alone,, but it must be taken in connection with the shafting. Now 
suppose that the bearings of the shafts should be disturbed, and 
thereby the shafting should be thrown out of the true line, it is evident 
that a considerable amount of friction will be generated. 

The Indicator may also be made the most efiScient of oil testers, 
by taking diagrams regularly, when different kinds of oil are being 
used. And assuming that all other things are equal (and great care 
should be exercised to ensure this) this will be a very reliable test of 
the lubricating properties of the oil. 

It will be obvious, on a consideration of the subject, that friction 
diagrams will vary immensely in different Engines according to the 
particular circumstances of each case. If the diagram must be taken 
with the shafting, there will necessarily be variable conditions 
according to the purpose to which the Engine may be epplied, and 
which will greatly aifect the result. Now, it would be manifestly 
wrong to take the shafting in any of our manufacturing concerns 
as friction ; because it is an integral part of the weight to be driven, 
and as such ought to be estimated along with the machinery, as it 
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must always be included with the weight so driyen^ whatever may be 
the motive power applied ; therefore, the Engine should be discon- 
nected from the shafting to obtain proper and correct friction 
diagrams. 

In com mills (in many districts called flour mills) the power 
required to drive the shafting when the belts are off, will be small 
in comparison with a mill for spinning and manufacturing purposes. 
Even in cotton mills the iriction diagrams range from five to twenty- 
five per cent, of the gross total power. The friction of Engines will 
vary considerably as the effect of many other circumstances. For 
instance, an Engine which is well made, and which has all its 
reciprocating parts perfectly true and smooth, and properly lubricated, 
will generate much less friction than the converse of this. A small 
Engine of quick speed will generate less friction than a large Engine 
of slow speed — assuming each to be driving the same amount of 
power*— because the amount of friction is determined by the pressure 
' and the nature and state of the surfaces in contact only, and not by 
the speed. So likewise a complex Engine — that is, one having a 
great number of moving parts in contact — will give a greater amount 
of friction than one of simple construction and few parts. 

The amount of friction generated by the motion of the valves is 
sometimes a serious item. Take, for example, an ordinary Three- 
port Slide Valve, with which every Engineer is familiar. Suppose 
the cylinder to be thirty-six inches in diameter, and the port to be 
twenty-four inches long, which is a good proportion —being two- 
thirds of the diameter of the cylinder. Then let there be one inch 
at each side of the valve in addition to cover the ports properly, 
making it twenty-six inches wide. We will say the length is twenty 
inches — that is, in the direction of its motion. The whole area will 
than be 520 inches. Now let us suppose the pressure of steam in 
he valve chest to be 601bs per inch, and an average vacuum in the 
cylinder of lOIbs per inch. If the valve be a perfect fit on the 
fixed face —that is, if the two laces are perfect planes, so that they 
are in close contact in every part where the surfaces are supposed to 
be in contact— then the pressure of the steam in the valve chest will 
be exerted on the whole area, minus the area overlapping the port 
at the steam end of the cylinder for the time being. Now the 
pressure beneath this port of the valve will vary much in different 
eases, > 
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If the steam be kept on daring the whole length of the stroke, 
then the valve, not covering the steam port, the pressure will be on 
the whole valve. If the steam be cut off very early, then the pressure 
in the cylinder being rapidly reduced, the pressure beneath the part 
of the valve covering the port at the steam end becomes a very small 
amount. With these considerations, it will be seen that to assume 
the pressure beneath the whole area of the valve at lOflbs below 
atmosphere, will not be overstating the case. The area of the valve 
being 520 inches, and the pressure of steam in the valve chest 60ft)8, 
to which we must add lOlbs vacuura=70ft)s effective pressure per 
inch. The total pressure on the valve will, therefore, be 520 x 70= 
36,400ft)S — being more than sixteen tons. 

The question of friction here is a very important one, as will be 
evident to the commonest apprehension. Who, that has seen much 
of steam Engines, has not often noticed the great strain and vibration 
shown by the eccentric rod. And how common is the occurrence 
of a rocking shaft breaking — simply by torsion. These facts, without 
the calculations which we have given, indicate the great amount of 
power which is here absorbed. 

For the further consideration of this subject the reader is referred 
to the chapter on the Construction and Action of Valves. 



CHAPTEE VII. 



COMPUTATION OF THE ECONOMY OF 

STEAM ENGINES. 

TN compating the economy of an Engine, it is important to exercise 
•*• great care and discrimination, in order to obtain even approxi- 
mately accurate results. Whoever has had much experience in this 
department of Engineering will have discovered the numerous sources 
of liability to error, and the extreme difficulty of arriving at a correct 
conclusion. 

In comparing the relative economy of diflferent cases, , it is 
necessary to take into account, and estimate fairly, all the circum- 
stances of each particular case, otherwise the apparent may not 
correspond with the real and true result. For the information of 
those who may not know, we may state that the way in which the 
economy of a Steam Engine is computed, is to ascertain the mean 
average I.H.P. for a given time— say a day, or a week, or a month — 
and, having ascertained the weight of coal consumed during the 
time, divide the total weight of the coal in pounds by the number of 
hours which the Engine has been running, and this will give the 
number of pounds of coal consumed per hour ; then divide this by 
the number of I.H.P., and the consumption of coal per I.H.P. per 
hour will be obtained. The weight of coal per I.H.P. per hour is 
accepted as the test of the degree of efficiency of an Engine and 
boiler. 

So far this seems simple enough. In any district where the 
nature of the work in different establishments is the same, a fair 
comparison may be made amongst them. But when we proceed to 
compare the economy of these with Engines in another district, 
engaged in another kind of trade altogether, we are generally at 
fault. Take the case of a cotton manufacturing concern, in which a 
large amount of steam is used for keeping the rooms warm, and for 
keeping the steam in the boiler, and maintaining a rather high 
temperature in the mill continuously day and night. Now all these 
requirements will inevioably make up a large item in the gross 
consumption of coal. If a separate boiler was used for these 
purposes, and a record kept of the weight of coal used for power 
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only, then there would be no difficalty in correctly computing the 
economy of the Engine. In the case of a com mill, the whole of 
the steam raised goes to the Engine for the production of power. If, 
in addition to this, the Engine be kept running day and night, the 
greatest economy can be obtained. 

We frequently see reports on the economy of Ocean Steamers, in 
which a very high degree of efficiency appears to be attained. In 
comparing these with results obtained in manufacturing establish- 
ments, it should always be remembered that the Marine Engines run 
continuously, and that no steam is required for any other purpose 
than that of giving power ; and, furthermore, that the best quality 
of coal is invariably used, whereas in the manufacturing districts 
it is almost as invariably the cheapest which can be obtained. 

There is a very general tendency amongst Engine-drivers to 
over-estimate the power which their Engines may be giving. Now 
this is highly objectionable and reprehensible, and ought by all 
means to be scrupulously avoided. Every one knows that the load 
on the Engine will, in almost all cases, be variable. If the calcula- 
tions of power be made from the diagrams which have been taken 
from the Engine under its greatest load only, than the computed 
economy will be incorrect. In all cases endeavour to obtain the 
mean power for any given period or lapse of time. 

So far we have been considering the question of the computation 
of economy of Engine and boiler in the aggregate. But it is 
desirable to know the efficiency of each of these components. Unless 
both of them be efficient, it is clear that the most economical results 
cannot be attained. It is obvious, therefore, that in order to arrive 
at the greatest efficiency and economy, it is absolutely necessary that 
both Engine and boiler be of good construction, and in good condi- 
tion. If one boiler evaporates only 6ft)S of water per pound of coal, 
whilst another boiler evapor«les 12ft)S, then, with Engines exactly 
similar, there must be a diflPerence of one-half in the real economy 
of the boilei*s, and in the apparent, though not in the real, economy 
of the Engines. 

This fact should always be remembered in computing the 
economy of an Engine. It will be seen that in all cases it is 
desirable to know the evaporative duty of the boiler. 



CHAPTER VIII. 



THE CONSTRUCTION AND ACTION OF VALVES. 

TT was originally intended that this chapter should contain descrip- 
-^ tions and illustrations of all the best, as well as all the best known 
forms of Valves. This project, however, has been abandoned for 
manjr reasons. In the first place, a volume wonld be required to do 
ample justice to the subject ; and in the second place, without such 
extetifive treatment, the selection of a limited number of special 
forms would seem like a partial and invidious distinction amongst a 
great Siumber of deserving claimants. By such a course we should 
be i^iintentionally doing an injustice] to many plans and parties, 
whidl we desire to avoid. We shall therefore treat the subject ia a 
gen^^ and comprehensive way, stating, as clearly and as briefly as 
puKsUosble, the principles which should be kept in view in the con- 
ilfiiGtion of the Valves of Steam Engines. 

Since the time that Humphrey Pottisb first made the Vaites 

V 

of the Steam Engine self acting, by connecting the Valve-doek 
handles to the reciprocating parts of the Engine by cords, an alHE^st 
illimitable variety of forms of Valves and Valve motions faave^been 
iiivetited. The Three-port Slide Valve is the plan which is the most 
general ; not because it is the best, but because it is the simpleit and 
cheapest. 

For the sake of the uniniated, however, we will give a few 
illustrations of the most common forms of Valves, which aiii to 
enable such readers to see the general principles of action, and Ihe 
better to understand the various forms of Indicator diagrams. 



COMMON THREE-PORT SLIDE VALVE. 

DiiGRAM No. 14 is an illustration of a Steam Engine cylinder With 
a Thre^-port Slide Valve, without " lap." The arrow at H denotes 
the admission of steam into the Valve chest, from thence to the 
cylinder, and from the cylinder — after having exerted its force upon 
P 
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Diagram, Ifo. 14. 
OTUirDBB ASD SLIDE TM.VE. 
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the piston — ^through the Valve and exhaust port to the condenser — 
or into the atmosphere, if a Non-condensing Engine. 

On reference to the illustration it will be seen that the steam and 
exhaust ports are of equal dimensions ; F F are the thoroughfares to 
each end of the cylinder, and b the thoroughfare for the exhaust 
steam to escape into the condenser or into the atmosphere, as the 
case may be. 

The Valve, as now shown, is attached to the rod c, the traverse 
being attained by the usual means. When the Engine makes one- 
half of a revolution, or one stroke up or down, the Valve changes its 
position accordingly. 

As before observed, the arrow H denotes the steam passage from 
the boiler to the Valve chest d. As the Valve is shown, there is a 
direct opening for the steam through the steam-way f, to act upon 
the piston b ; and on the under side A, through the exhaust way f, 
there is a free passage for the exhaust steam into the condenser or 
atmosphere, as shown at e. The Valve being hollow on the under 
side, permits the egress, as shown. It will be observed that the &ces of 
the Valve will little more than cover the ports, and this construction 
is, therefore, appropriately termed *' without cover" or "lap." 

Suppose, then, that the piston had proceeded in its traverse to 
the end of the stroke, the Vdve would also have changed in position 
and action ;' the steam iiom the steam chest would be admitted at the 
other end of the Valve on to the other side of the piston, and the 
steam, which in the former position of the Valve had forced the 
piston to the end of the cylinder, would now be liberated, and allowed 
to exhaust or depart into the condenser, or atmosphere, through e. 
The traversing motion of the Valve, which is effected by the eccentric, 
thus changes the application of the steam to each end of the cylinder, 
provides an inlet for the steam to the piston, and also an opening for 
exhaustion through the proper channels, after power has been exerted, 
producing a continuous backward and forward action of the piston 
of the Engine, and, by means of a beam and connecting-rod attached 
to the piston, communicating motion to the crank, or in some cases 
direct to the crank by a connecting-rod only. In the latter case the 
Engine is called a Direct-action Engine. 

The regularity of speed and economy in the working of the Steam 
Engine depends in a great degree upon the proper arrangement of 
the Valves. It is of the utmost consequence that fall and complete 
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infonnafcicm on this branch of the subject should be acqoiied by all 
who are entrusted with the care and direction of this valuable instru- 
ment of power. Many Engines work inefficiently, not only &om the 
defective construction of the Valves, but also from imperfect '' setting." 
It will work inefficiently if the thoroughfares are contracted, or the 
Yalve-box be too short, or both. In such cases there is little chance 
of effecting much improvement in the working. 

The Three-port Valve described above is, as we have said, without 
"cover" or "lap," being only just sufficient to cover the ports, and 
prevent the steam passing into both ports at one and the same time. 
It will be observed that as one port closes the other opens, and the 
exhaust also. Valves constructed and set in this manner admit 
steam upon the piston the whole length of the stroke ; the exhaust 
is also open for the Aill length of the stroke. 

To enable this Valve to cut-off earlier and work expansively, 
without adding " lap," would be to make up part of the thoroughfares 
at each end of the Valve-box towards the outer edge, and cut away 
some of the metal in the inside of the ports, so that the ports would 
not be much contracted. In that case the Valve would cut oS the 
steam the same as if it had '^ lap." The hollow of the Valve would 
require to be proportionately less, by being "bitted" in the same 
way as the thoroughfares. This mode is resorted to when the Valve- 
box is too short, and where "lap" cannot be added to the Valve ; 
this is called " lapping the thoroughfares." 



" LAP,'* OR COVER OF THREE-PORT SLIDE VALVES. 

DiAGRAH No. 15 is a representation of a cylinder and a Three-port 
Slide Valve. The same letters denote the same parts as in Diagram 
No. 14. In this instance the Valve is shown with " lap" or cover^ 
so as to cut off the steam to work expansively. This latter is accom- 
plished to a greater or less degree according to the amount of " lap" 
or cover of the Valve. It will be observed in Diagram No. 15 that 
the cover is three-fourths broader than the steam ports, and being 
worked by the same eccentric, with the same length of traverse, it 
does not open the steam port more than one-iourth of its width, 
which in some cases would not be sufficient to admit the full pressure 
of steam to the piston ; but where the ports are of sufficient width, 
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and there is a proper pressure in the boiler, no difficulty is experienced 
by adding " lap" to the Valye. 

Let us ascertain the effect of this additional breadth of Valve 
face. When the Valve edge arrives at the port, ready to admit the 
steam upon the piston^ it will have moved three-fourths the length 
of its traverse. The remaining distance is the amount of opening 
given for the admission of steam to the piston, which will not be 
more than half an inch, if the ports be two inches wide : the Valve 
is then reversed by the motion or throw of the eccentric, and it will 
therefore have opened and closed the steam port with one inch of 
traverse, half an inch each way. As this Valve is V shaped on the 
edge, the steam is admitted to the piston easily, and cut off easily. 
This is technically termed '* easy steaming." The full length of the 
traverse of the Valve is four inches for one stroke of the Engine. 
This arrangement cuts off the' steam at about one-fourth the length 
of the stroke, the remainder of the stroke being worked by the 
expansibility of the steam. Each end of the Valve is of the same 
width. 

The ports, being two inches wide, require that the face of the 
Valve, with the same traverse, shall be three and a half inches broad, 
being one and a half inches broader than the width of the ports. It 
will also be perceived that th6 exhaust side of the Valve will be 
three-fourths open when the crank is at the plumb centre. By these 
means the steam in the cylinder is exhausted ready for the return 
stroke. The closing of the exhaust is also effected much earlier, 
whereby the uncondensed steam left in the cylinder becomes com- 
pressed towards the end of the stroke. This in practice is found to 
act as a buffer to the piston, preventing a sudden shock at the termi- 
nation and commencement of the stroke. The steam thus compressed 
is not lost, but gives back a portion of its power on the reversal of 
the piston. 

It is necessary for an Engine running quickly, with rapid reversals 
of the piston, that the Valve should cut off the steam early in the 
cylinder, and the exhaust also close early. The example we have 
given is considered an extreme amount of *' lap " on a Three-port 
Valve. Other proportions of " lap," less or more, follow the same 
principle : that is, if the ** lap " or cover be less, the steam will be 
longer on the piston before it is cut off. The opening and closing 
of the exhaust will be in like ratio. The traverse of the Valve may 
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be increaised by a new eccentric, having more throw, or by moTing 
the rock-shaft stud nearer to the centre, providing the Valve-box be 
of sufficient length to enable the Valve to travel a longer distance in 
the same time, by which the ports will be opened wider for the 
admission of steam to the piston than with its former traverse ; and 
the steam will be cut off at the same point as before, because the 
Valve travels quicker. This is usually termed "travelling over 
port." 

This form and description of the Three-port Valve and Slide is 
principally used for High-pressure Engines. Various may be the 
alterations required, according to the width and distance of the ports 
and the length of traverse, which may be either increased or 
decreased, if worked by a rock-shaft. The nAkers of small portable 
Engines will find that attention to the form and setting of Three- 
port Valves will be attended with advantage by admitting the steam 
to the piston easily. They should also allow plenty of room in the 
thoroughfares, so thet in the process of exhaustion there be no back 
pressure, that the speed of the Engine may be increased when more 
power is required. 



THE D SLIDB VALVE. 

This description of Valve, which is in very general use for Condensing 
Steam Engines, when first introduced was worked without " lap," or 
extra cover, and the Valve-boxes were generally of such a length 
thai they would not admit of the Valve travelling over port, conse- 
quently, the steam was admitted the whole length of the stroke, 
which caused the exhaust side of the Valve to be too late both in 
opening and closing. For a long period Low-pressure Engines 
worked in the manner described ; but as the property of the expan- 
sion of steam became better understood, various methods were 
adopted whereby the D Valve could be made to work on the expan- 
sive principle. It was tbund that by enlarging the Valve-box to 
allow of more traverse, thus giving room for extra "lap," the steam 
could be cut off at almost any portion of the traverse. This fact was 
partially known previous to 1841 ; but, in that year, a Mr. Bould, 
cotton spinner, of Halifax, in Yorkshire, took out a patent for 
" Improvements in Condensing Steam Engines," in which he 
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d^^bes the D Yalf e ftnd the mode of ** lapping." As it appeaifc 
from hil Bpedfication that he clearly imderstood the sabject of 
** lapping/' and setting Valves, extracts from that specification, in 
his own language, will be found of advantage. He says : — 

''My invention relates to the mode of arranging the Yalves 
(which slide over the ports) of Condensing Steam Engines, in snch a 
manner that the exhaustion port shall be fally open at the time the 
piston has completed its stroke, at either end of the cylinder^ and at 
the same time allow of the steam being worked expansively by means 
of the same Valves. * * * in constructing and applying Valves 
to Condensing Steam Engines, the Valves of which are worked by 
eccentrics, it is usual to form the Valves of such dimensions that 
they will only just cover the ports or openings into the cylinder, or 
only very slightly exceed the dimensions of the port ; hence, when 
the Valves are moved, the ports are simultaneously^ or nearly 

simultaneously, opened and closed. * * * By enlarging the 

* 

size of the slides so that they will be much larger (at least twice as 
large as the ports they work over), the Induction Valve may remain 
closed during a considerable length of movement of the Valves ; 
hence it may be closed at any desired part of the stroke of the 
Engine, and the Exhaustion Valve remain open to the condenser ; 
and what is also very important, the Exhaustion Valve may be friUy 
open at the termination of the stroke at either end of the cylinder, 
so that a good vacuum may at the commencement of the stroke be 
obtained, and consequently at the time the induction port is open 
for the flow of steam. 

" Diagram No. 16 represents a steam cylinder and Valves, and 
also the eccentrics and parts which work the Valves. In Diagram 
No. 16 the Valves are shown in the position they would be at the 
termination of the stroke at the upper end of the cylinder ; and it 
will be seen that the Exhaustion Valve has passed away from the 
exhaustion port, and the Induction or Steam Valve has partially 
opened the induction port. * * * That is not necessary ; but 
if desired, it wiU be evident to the Engineer that that might be 
done either by increasing the throw of the eccentric, or by shortening 
the lever b^, to which the eccentric rod is attached! 

" Diagram No. 17 shows a section of a steam cylinder and Valves, 
but not the lever which works them, or the eccentric which gives 
motion to the levfer ; the Valves in this diagram being in the 
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reyerse position to that shown in Diagram No. 16. The Yalves 
A A are made of sach length as to be eqnal to three times th^ ppening 
of the ports ; and it will be seen by tracing the movement which 
will take place in the parts of Diagram No. 16, that when thp stroke 
in the upward direction has been completed, and the ^tjeam or 
Induction Yalve opened to the reqnjred ^^t^nt, and steam admitted 
above the piston, the Steam or Induction Valve will be closed by 
the time the piston has moved about one-third of its stroke ; but 
this may be varied, and the exhaustion port will remain open, and 
the movement of the eccentric, and the parts actuated thereby, will, 
near the end of the stroke, close the exhaustion port at the upper 
end of the cylinder, and bring the parts into the position^ shown in 
Diagram No. 17 ; and it will also be seen that these effects will be 
consequent on the enlargement of the Valves in respect to the ports 
over which they work, and the extent of movement given to the 
Valves, whereby one or other of the Valves can be moved for a 
considerable length whilst over its port, without uncovering that 
port, allowing the exhaustion port to be fully open at the time of 
completing the stroke at either end of the cylinder. At Diagram 
No. 16, B is the eccentric on the main shaft o, and the rod d and 
levers e and e^ are for moving the slides. These are of the ordinary 
construction, allowing only for the quantity of motion given to the 
Valves. . And it is important to call fittention to the circumstance 
of the distance over which the Valves are moved, as on that circum- 
stance, combined with the length of the Valves, depends the beneficial 
results obtained. 

^* Diagrams 16 and 17 show the parts so arranged as to cause the 
Valves to move a distance equal to four times the depth of the ports ; 
and if it were desired that the steam port should be opened fully, then 
the Valve would have to move five times the length of the depth of 
the port ; and in case of making the Valves less, to the extent of their 
being twice the length of the depth of the ports. Then the move- 
joeat given to them is to be four times the depth of the ports to fully 
open the steam ports. The movement ought not to be reduced three 
times the depth of the ports, as the steam port will then be only 
h«tf opened. It should be stated that although I prefer to work the 
slides with an eccentric, it will be evident that a crank may be 
substituted., * * ♦ Although I have shown the Valves as being 
equal to three times the length of the depth of the ports over which 
Q 
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they work, yet I do not confine my claim thereto, as they may be 
Bligfatly incteaBed, and even less eltdnsite Valves may be nled^ 
varying the other parts accordingly ; btt I have found there is little 
advantage to be derived when the Valves are not at least equal to 
twice the length of their ports, measured in the direction of the 
movement of the Valves. What I claim is, the mode of constructing 
the Valves of Condensing Steam Engines, when worked by eccentrics 
or cranks, whereby the exhaustion ports may be fully opened at the 
completion of the stroke, and whereby steam may be cut off, and 
more effectually worked expansively by the same Valves as above 
described." 

This description of the "lapping" and traversing of the D Slide 
Valve, given by Mr. Bould in the specification of his patent^ is 
evidence that if he was not the first inventor of the process, he was 
in advance of many Engineers of the day ; . and there can be no doubt 
that the publication of his specification supplied information which 
has enabled other Engineers to improve the working ^f the Steam 
Engine. 

There arfe other descriptions of Cylinder Valves than those 
described, such as the Long D, the Trellis, the Piston, and the 
Single and Dotible-drop Valves, all of which are one atid the same 
in principle. An Engineer acquainted with the principle of the 
Valves here explained will have no difficulty in understanding all 
the various Valves in use, and the modes by which they are worked. 
For the latter, the eccentric movement is in most genetal use ; but 
there are alto the movements of the cam, the tappet, the crank, and 
the lever. 



THE OOaNISH OR DOUBLE-BEAT DROP VALVE. 

This description of Valve derives its name from its first being 
adopted in Cornwall. In that locality Steam Engines are largely 
used for mining and pumping purposes, and the piston of the Engine 
travels at a slow rate. A Valve, therefore, that could be closed or 
«opened on the steam and exhaust sides separately, became a useful 
and important improvement over the old " hand gear** Single Valve, 
and also over the Three-port, or D Slide Valve. 
Diagram No. 18 is a vertical section of a pair of side pipes of a 
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Steam Engine cylinder, with Valves of the Cornish construction. 
These last are shown in their respectir^ positions, both on the steam 
and exhaust sides. The steam from th6 boiler enters the steam-chest 
at B, and takes the diredton as shown by the arrows at c, entering 
both at the under and top sides of the Yalre to the piston : f f are 
the thoroughfares to the cylinders. The bottom Valve c being open, 
alloilt fbe steam to enter the thoroughfare f ; and fhe top Exhaust 
Valvi D being also open, allows the used steam on that side of the 
pistdt to escape &om the cylinder through the thoroughfare F, and 
thro%h the Valve d into the exhaust pipe £ e, and thence to the 
condinser. The bottom Exhaust Valve d being closed, prevents the 
steam from passing from f to d ; and the top Valve c being also 
closed, prevents the exhaust steam from the cylinder f passing 
throug'h c to B. At each stroke or reversal of the piston, flie Valves 
change their position : G G a a are the Valve spindles connected to 
a rod with arms, as shown by Diagram No. 19, which is a side 
elevation of the cylinder and side pipes. 

In Diagram No. 19 the cylinder i, and the Valve-chests k k, 
together with the tappet f, and the projecting arms u U, attached 
to the main upright Valve rods, are sufScient to i^w the parts 
necessary to e2q)lain the action of the Cornish Valve. Tlie tappet p 
is fixed to a horizontal shaft under the floor of the Engine house, and 
makes exactly the same number of revolutions as the cmnk shaft. 
Each Valve has its separate spindle and arm, and separate rod and 
tippet also. As the tappet shaft p revolves, the full side of tappet p 
comes kk contact with small pulleys fitted to the bottom of the Valve 
rods, afid raises the Valves from their respective seats, adscording to 
the requirements of the case. Pulleys are used to cause as little 
friction as possible in the working of the tappets, which aare four in 
number. The advantage in the opening and closing of the Valves 
by this method consists in so forming the tappets that the steam 
Valve 6an be opened and closed at any required distance l^e piston 
may have travelled — giving every facility for cutting off tiie steam, 
eithet gradually or suddenly, according to the description o(f work on 
the Bkigine, or the amount of expansion of the steam required. 

Tiie Exhaust Valves have also separate tappets on the same 
shaft ; and as they are required to keep open the Valve nearly the 
full length tif Ihe stroke, the tappet is so formed as to cause the 
Valves to open and close at the most advantageous times. 
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The Cornish Yalve has two faces, or two inlets and outlets, as 
shown by mdtkm of Yalye o and d, which g^e a double opening for 
the ingress or c^gress of the steam. It also admits of the Exhaust 
Yalve being raised much higher from its seat, so as to give a free 
and uninterropted passage to the condenser. This form of Valve 
possesses a decided advantage over the Biagle-faced Drop Yalve. 
When the ta{^et has raised the Vcdve to the highest point required, 
it again falls to its seat by its own weight, and is kept there by the 
pressure of steam, until the tippet again comes in contact with the 
pulley Bt the foot of the Yalve-rod, and is again raised. 

On refeienoe to the illustration it will be seen that the Exhaust 
Yalve is larger than the Stewn Yalve, which, coupled with the extra 
height the Exhaust Yalve rises from its seat, give free egness for the 
steam to the condenser. With Double-beat Yalves the steam can be 
kept longer on the piston before exhausting, because the Exhaust 
Yalve being large, allows the steam to escape much qiticker than the 
Three-port, or D Slide Yalve. Wh^ Drop Yalves <a?e esed, and 
worked by a revolying shaft and tappets, they are much eaeier to get 
at by the Engineer than the Three-port or D Slide Val¥e. Each 
tappet being separate, the Yalves can be regulated separa^tiely, either 
by the shaping of the tappet's circumference, or moving it partially 
round the shaft, so as to give more or less lead on the steam or 
exhaust sides of the stroke ; or to take off or keep on the steam in 
the cylinder, according to the load or pressure : thus enabling the 
Engineer to economise fuel by working his steam more expansively 
when less power is required. In this form of Yalve there is often 
one defect : ihe tt^pets are so formed as to allow the Yalve to drop 
upon its seat too suddenly, causing much wear and noise. Were the 
tappets made to allow the Yalves to be steadied on their seats, the 
Yalves would keep steam-tight much longer than the present con- 
struction. 



nCPBOVED SLIDE VALVE, WITH DOUBLE EXHAUST. 

DiAGRAH No. 20 is a representation of the Improved Slide Yalve, 
with double exhaust ; s and b are the Yalve chest, v the Slide Yalve, 
p and D the steam-ways to each end of the cylinder, and b the 
exhaust It will be perceived that the Yalve has a considerable 



amonnt of " lap," which will cut off the steam early, and thus work 
expansively, proportionate to the amount of " lap." 

Diagram No. 21 is another representation of the same description 
of Valve, except with less 'Map." The same letters denote the 
same parts as in No. 20. 

Jt is well known that when "lap" is applied to the ordinary 
Slide Valye, the exhaust interferes too early with the action of the 
Engine, and allows the steam to escape to the condenser or atmo- 
sphere before it has had full opportunity of giving out to the piston 
the whole of its impelling force. This defect prevents that economy 
of fuel which would otherwise be realised from the working of steam 
expansively. 

With the Slide Valve of the ordinary construction, the exhaust 
has to be set forward exactly in proportion to the amount of "lap" 
applied over the other thoroughfare, where " lap" is suflScient to cut 
off the steam so as to work with any considerable degree of expan- 
sion, and thus secure a reduction in the consumption of coal. The > 
exhaust interferes in the^ manner above pointed out. To remedy 
this, many Engineers have abandoned both the Slide Valve arid the 
eccentric, and have adopted other forms of Valves, of a costly and 
complicated description ; but these complicated constructicms require 
much nicety of management, and are liable to derangement. 

On reference to Diagrams Nos. 20 and 21, it will be observed that 
the steam passages are changed, both in the side pipes and in the 
Slide Valve, and that they have such a form given to them as to 
enable "lap" to be conveniently applied on the exhaust side of the 
Valve without any hindrance to the speed of exhausting the steam. 
It will also be perceived that two openings are provided for the steam 
to exhaust through, by which a quick exhaust is accomplished with 
half the traverse that is required by the old arrangement ; and that, 
ton, without such an enormous amount of lead being given to the 
exhaust in advance of the termination of the piston's traverse. 

By reducing the traverse one-half, one half the amount of "lap" 
only is required. In the improved Valve very little "lap" on the 
exhaust side will be sufficient to confine the steam longer in the 
cylinder, so as to enable it to give out the whole of its expansive 
force upon the piston before it is discharged into the condenser or to 
the atmosphere. The old form of Slide Valve has been repeatedly 
tried to accomplish this, with " lap" on the exhaust side, but in 
B 
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conseqnence of Its long travorse, the amount of " lap" required ms 
80 great as to choke np the thoroughfares, and thus cripple the power 
of the Engine. 

The short trarerae of the Yalre, under &e new arrangement, baB 




the advaatt^ of admittmg the steam on the piBton Blowly at the 
commencement of the stroke, and that, too, without a V being 
provided for the purpose. The sceam can, therefore, be cut off much 
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Boouer, and the expansive principle thus becomes more practically 
accomplished with Slide Valves of this construction. 

The ordinary Three-port Slide Valve, having a Back Slide Cut-oflf 

Diagram No. 181. 




Valve worked by a second eccentric and rod, is shown by Diagram 
No. 22. By changing the position of the second eccentric the steam 
can be cut olf at any desired point of the stroke. The Back Slide 
Cut-off Valve is also frequently made of the long kind, having a 
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long Valve-chest and separate Slide and Cut-ofiF Valves at each end, 
in order to obviate the long thoroughfares, and save steam room. 
Many of these Valves are also made with two and even three 
openings on the upper face of the Front Slide Valve — the Back Slide 
Valve having similar openings — so that the admission of steam and 
the cnt-ofiF are effected by a very small amount of traverse of the 
outer Valve on the face of the other one. 

Amongst the selection of Indicator Diagrams which are given 
hereafter, will be found several from Engines with this class of 
Valves, and which are good examples of what can be accomplished 
by them. Different Engineering firms have each their own designs, 
proportions, and arrangements, some of which are peculiar, and 
many are represented as having special advantages. For a full 
determination of the true value of any particular forms and arrange- 
ments we cannot here attempt, except so far as to lay down general 
principles, which shall serve as a guide in judging of the merits of 
all Valves of Steam Engines. 

The mechanical principles involved in the designing of Valves 
will vary according to the class of Engines for which they are 
intended. This being so, it will be necessary to discriminate. In 
designing and constructing Valves for Stationary Engines for general 
purposes, the following conditions should be complied with, as far 
as possible. 

First. — The Valve should open gently, so that the full initial 
pressure of steam in the cylinder will be attained without violence. 
In the next place, it should open in an accelerating ratio, as the 
piston accelerates its speed, so that the fulLinitial pressure of steam 
on the piston may be maintained to the point of cut-off. Then, 
when the Valve has remained open during a sufficient part of the 
stroke, it should close as quickly and as completely as possible. 

The Exhaust Valve should begin to open a little before the 
piston reaches the end of its stroke, and should be completely open 
at the end, so that there may be the freest egress for the steam. It 
should then remain fully open until the piston has nearly reached 
the termination of its return stroke, closing quickly and completely, 
so that when the Admission Valve opens, none of the fresh supply of 
steam can pass directly into the condenser. 

The same conditions apply equally to Non-condensing and High- 
pressure Cylinders ^ of Compound Engines. If, in a Condensing 



Cylinder, on the opening of the Exhaust Valve, the whole of the steam 
contained therein ehonld itiBtantaneousIy rash into the condenser, 
leaving a perfect vacnum in the cylinder, then the Exhaust Talve 




might be advantaeeously closed again at once. It is obviona, also, 
that the nearer perfect the vacnnni in the cylinder, and the earlier 
may be the cloeing of the Exhaust Valve. 

In thia connection the different classes of Cut-off Valves naturally 
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suggest themselves ; but these we will leave for a later part of this 
chapter. 

Second. — The next principle to be observed in the construction 
of Valves is, that they should move with as little friction as possible, 
so that they may absorb the smallest amount of power. They will 
also require less lubrication, and will not be subject to as much 
wear, — all of which are highly important. 

This question does not often receive the consideration which it 
deserves. For a calculation of the amount of friction which some- 
times obtains with a Slide Valve, see chapter on Friction Diagrams. 

Third. — Another fundamental principle which should never be 
forgotten nor departed from in the designing and construction of 
Valves, is this : they should be placed as near to each end of the 
cylinder as possible, so that the steam may have the smallest practi- 
cable space to fill, when the piston is at the end. The non-com- 
pliance with this condition is a source of loss at every stroke of the 
Engine ; and the greater the departure, the greater will be the loss. 
This superfluous and wasteful capacity in cylinders is so very general, 
that it may be advisable to enter more fully into the question, and 
illustrate it. 

There are several kinds of Valves and Valve Arrangements, in 
which this useless capacity occurs in a rather high degree. We will 
take, first, the example of the ordinary Three-port Slide Valve. Say 
the cylinder is 30 inches diameter, and that the piston has a stroke 
of 5 feet. Let the Valve-ports and thoroughfares, or passages, be 
20 inches wide and 2i inches deep, and let the length from the 
Valve-face to the cylinder (including the angles) be 30 inches. The 
clearance, we will say, is 1 inch ; the dimensions given for each of 
the thoroughfares =1800 cubic inches. The area of the cylinder 
=706*86 inches— 6*86 inches sectional area of piston-rod (a small 
allowance, if passing through both covers) =700 inches. The 
thoroughfare, therefore, will equal 2*57 inches sectional area of the 
cylinder, and added to the one inch of clearance,=8*57 inches, 
which is the whole fulcrum capacity. 

Now, we will suppose the Engine to be working expansively. Say 
the initial pressure of the steam is GOlbs above the atmosphere, and 
that it is expanded to half an atmosphere. This will be 60+15= 
75ft)S-r-lO=7*5ft)S — being expanded to ten times its initial volume, 
and to one-tenth its initial pressure. The stroke of the piston being 
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60 inches, and the cut-off being at one-tenth, will be six inches trayerse 
of the piston. As, however, we hare seen that the fulcrum capacity 
amounts to 3*57 inches of the sectional area of the cylinder^ and as 
this must be added to 60 inches — the length of the stroke — to give 
the total capacity which the steam must fill when the piston has 
reached the end of its stroke; therefore, the length will be 60 -I- 3*57 
=63*57 inches; and as the point of cut-off must be one-tenth to 
admit the required quantity of steam, it will be 63*57 inches-f-10= 
6*357 inches. But, as the fulcrum capacity is 3*57 inches, therefore, 
the steam must be cut-off when the piston has traversed 2*787 inches. 
As, however, some amount of fulcrum capacity (clearance, &c.) is 
unavoidable, we will allow one inch, leaving the unnecessary and 
useless capacity =2*57 inches. 

The diagram taken by the Indicator under the conditions above 
described, would show the cut-off at ^V ^^ ^^^ stroke. The expansion 
and the average pressure must be calculated, however, by the measure 
of the steam used. 

Without presenting here the details of the calculations, it will be 
sufficient to state, that, assuming the vacuum at 131fos, the average 
pressure on the piston will be 22*771bs. But, when we make the 
deduction for the 2*57 inches of superfluous fulcrum capacity — the 
average pressure will be reduced to 20'07ft)S, which is only 88 per 
cent, of the former, and is, therefore, a loss of 12 per cent. 

The allowance here made of one inch sectional area of cylinder 
for the whole fulcrum capacity is quite sufficient. Cornish Valves 
have also the same objectionable feature of useless and excessive 
capacity. 

It is not necessary to go into a detailed examination of these, or 
of any other kind of Valves, in connection with this part of the 
subject, as the principles and calculations here given will be a suffi- 
cient guide in the investigation of any and every kind. 

It may seem superfluous to say — yet it cannot be too strongly 

represented — that whatever may be the proportionate loss of steam 

« 

arising from this cause, the same proportionate loss of fuel is 
sustained ; and this must be the justification for some little reiter- 
ation. During recent years, the question of Cut-off Valves has 
received — and deservedly so — very great attention. The various 
forms and mechanical details are almost numberless, though the 
fundamental principles on which they are based — with respect to 
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their action in regulating the steam in the cylinder— are simply 
reduced to four classes. 

First — There is the Slide, or any other form of Valve having 
a definite, fixed point of cut-oflF, accomplished by lap or otherwise. 
This, attain, is divided into slow and quick cut-off — one very common 
plan of accomplishing the latter, being the Back Slide Cut-off Valve. 
There are many and various other methods of effecting the same 
object, which are often determined by the form of Valve, or other 
circumstances in the case. 

Second. — The next class of Cut-off Valve is one having the cut-off 
adjustable by hand, and at any time, so that the Engine may be 
worked at any degree of expansion, according to the requirements or 
the judgment of those who have control. 

Third. — The third class of Cut-off Valve has a connection with 
the governors, whereby the governors are enabled to shorten and 
extend the point of cut-off by a slow motion — usually a screw. This 
class of Valves, like the two preceding ones, requires a Throttle Valve, 
as the slow rate at which the cut-off is changed by the governors, 
does not enable them to exert immediate control over the Engine 
thereby. The action of the governors on the cut-off iu this case is 
supplementary to the action of the Throttle Valve, as the governors 
cannot change the point of cut-off sufficiently quick to regulate the 
speed without the Throttle Valve. This class of Cut-off Valve is 
almost invariably constructed so that the point of cut-off can be changed 
by hand also, in order that the Engine-driver may start the Engine 
more easily, or otherwise adjust it, as circumstances may require. 

Fourth. — The fourth and best class of Cut-off Valves, of which 
there are several varieties, are properly regarded as possessing 
advantages over all others. They have a variable cut-off, completely 
and instantaneously controlled by the governors, and require no 
Throttle Valve. The forms of Valves, and mechanical arrangements 
for obtaining this action, arc numerous and ingenious. 

It is done by Cylinder and Plug Valve, as in the Corliss Engine ; — 
by the Piston Valve with the axial (<'ommonly called the twist) 
motion ; — by the Back Slide Valve with the link motion, as in the 
Allen Engine, and several other recent and slightly varying forms ; 
by the back slide carried on the back of the ordinary Slide Valve by 
the pressure of the steam, and having an adjustable stopper freely 
controlled by the governors, as in Walker's Patent, made by 
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Messrs. Ombrod, Grierson & Co., St. George's Ironworks, Man- 
chester ; by a sliding and tapering tappet ; by the Balanced Valve 
of Mr. Wilson (Nasmyth Wilson & Co.), of Patricroft, near Man- 
chester ; and by some other arrangements. 

The object of all, in this class, being to regulate the speed of the 
Engine by controlling the cut-off directly by the governors, and 
maintaining a uniform initial pressure in the cylinder — or within a 
definite limit of the boiler pressure, which will necessarily be 
somewhat different in different Engines according to the varying 
circumstances of each case. Some of the Valves here enumerated 
have other merits of a high order besides that of variable cut-off, 
and answer to all the conditions above defined of a good Valve. 

In Horizontal Engines, the position of the Valve is worthy of 
consideration. It is very desirable that they should be so placed 
that any water which may accumulate in the cylinder by conden- 
sation, or otherwise, should escape freely into the condenser ; or, in 
the case of the high-pressure cylinder of a Compound Engine, it 
should escape equally freely into the connecting pipes or receiver, 
where provision may be made for its separation from the steam, or 
re-evaporation by the application of external heat in the form of steam 
jacketing, or contact of heated gases after leaving the boiler furnace. 

If one set of Valves only be used for both supply and exhaust — 
as is generally the case — a very convenient plan, adopted by some 
good Engineering firms, is to have them so placed that the bottom 
of the port should be on a level with the bottom of the cylinder. 
Another plan is to have separate Supply and Exhaust Valves. With 
this arrangement the Exhaust Valves are usually placed beneath 
the cylinder, and the Supply Valves at the top, though some 
Engineers place the latter at the side. This arrangement possesses 
some special advantages. The Supply and Exhaust Valves can be 
adjusted independently of each other — a feature which will be appre- 
ciated by Engine-drivers especially. 

They have also another advantage, which does not arise firom 
mechanical principles, but from the laws of the transmission of heat. 

When the steam passes through the Exhaust Valve into the 
condenser, the surface of the iron at those parts loses a considerable 
amount of heat thereby; and when a fresh supply of steam is 
admitted through the same orifices, much condensation is the result. 
By having separate Supply and Exhaust Valves the condensation 
8 
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will be much less, because the Supply Valve has not been cooled to 
near the same extent, as the steam, during the period of exhaustion, 
has there been comparatively quiescent ; and, as it is one of the 
simplest facts in connection with the laws of the transmission of heat, 
that the amount of cooling under such circumstances will be deter- 
mined by the quantity of aqueous vapour coming in contact with 
the surface of the metal, and rapidly passing oyer it, thus carrying 
away the heat of the metal by convection ; wherefore it may be 
assumed that economy will result from such arrangement. 

The multiplicity of mechanical appliances for giving motion to 
the various classes and kinds of Valves here generalized is such, 
that a detailed dQ^cription of them, even if possible, wonld be too 
lengthy to come within the limits of this work, so that the reader 
must in this view be guided by the principles enunciated herein. 



CHAPTEE IX. 



INDICATOR DIAGRAMS. 

T^HE variety of Indicator Diagrams and descriptions of the same^ 
■^ of which this chapter consists, are given to illustrate the different 
arrangements and conditions for utilizing steam within the cylinders 
of Steam Bngines. Examples will be found from Engines of almost 
every form and speed and construction of valves. In each case the 
facts are stated in connection with the diagrams, which will enable 
the reader to judge as to the merits or demerits, and, by comparison, 
show conclusively the advantages to be gained by a knowledge and 
nse of the Steam Engine Indicator. Many examples fix)m Compound 
Engines will be found amongst the number, some of which possess 
peculiar interest. 

The descriptions which ^accompany the diagrams, and the 
analytical examination of some of them, render it altogether super- 
fluous to say more here. Every Diagram may be relied upon as an 
exact copy of the original, both in form and size; and every fact 
stated we have examined ourselves, or obtained on the best authority. 
It may be well to remark that these diagrams are numbered conse- 
cutively, and wherever in the course of the chapters on *^ Com- 
pounding," or " Steam Jacketing," diagrams are referred to, they 
will be found amongst this number. 



DESCRIPTION OF DIAGRAMS. 

Diagrams Nos. 1 and 2 are from the' top and bottom of a Beam 
Engine, and have been taken since the year 1870. They belong, 
unmistakably, to the olden time. How many years the Engine has 
been working in this condition is altogether unknown. The boilers 
from which the Engine drew its supply of steam served for other 
purposes also, so that without the Indicator there was no means of 
knowing what quantity was being used by the Engine alone. 

Hence the careless indifference which could permit an Engine to 
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continue for an indefinite time in snch a deplorable condition. If 
the quantity of fuel consumed, for the power obtained, had been 
known, it is fair to presume, that whoever had to pay the coal bills 
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would have had the Engine pnt into a better state with the least 
delay poBsible. The application of the Indicator which shows the 
excessiye waste of steam, shows also what was required to be done to 

Diagram No, 2, 
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effect a very great improyement. Withont going into calcolationB 
on the diagrams, it will be a moderate statement to say that two- 
thirds of the steam is wasted, or that the same power could be got 
from one-third the amount of steam, and from the same Engine^ 
withont any excessiye pressure or strain. 

It will be noticed in No. 1 Diagram that the steam is kept on 
nearly the whole length of the stroke, and maintains almost a parallel 
line. That the exhaust valve opens too late and closes too late. 
Indeed, the exhaust valve not only opens too late, but opens too 
little — ^not giving a sufficient orifice for the steam to escape rapidly 
into the condenser, and thereby preventing the vacuum in the 
cylinder attaining even a moderate amount until the piston has 
reached the end of its return stroke. Diagram No. 2 is about the 
same as No. 1 in respect to the exhaust, and, therefore, the same 
remarks apply. In other respects it is very much worse than No. 1, 
though that is bad enough. The practised eye will see at a glance 
that the valve opens too late for the admission of steam. Besides 
which, the opening is so gentle, and continued so long, that the 
highest pressure is reached at the termination of the stroke. 

Diagram No. 3 is from a Non-condensing Engine (commonly 
called — though improperly so— High-pressure). It belongs to a 
class of Engines whose numbers are beyond computation, and is a 
fair and true representation [of them. It is true that the steam is 
not continued at full pressure to the end of the stroke ; but the little 
merit it has there, is quite counterbalanced by the late admission. 
The good point in the diagram is that the back-pressure line is on 
the atmospheric line. In this case^half the steam is wasted — calcu- 
lated on the basis of a very moderate pressure. 

Diagram No. 4 is somewhat better than No. 8. It has the same 
fault of having the admission of the steam continued too long, and 
consequently of having too much at the end of the stroke. There is 
another feature in this which was not seen in the other diagrams. 
The opening of the valve for the ingress of steam is too sudden, and 
causes the Indicator pencil to be carried past the point of steady 
pressure. The same concussive force will exist in the cylinder. 
With a Direct-acting Engine, having a quick speed, this will not be 
so dangerous. 

To the uninitiated. Diagram No. 5 is a strange and curious figure. 
It was taken from an Engine belonging to one of the largest and 
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best known manufacturing firms in the country. The Engine did 
not fall into this condition through ignorance, or the want of an 

Diagram No, S. 




Indicator, for the firm had an Engineer of great ability. The 
Engine was in a satisfactory state only a few days before this diagram 
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was taken. The Engineer was told that something was amiss, 
inasmuch as the Engine was running a little under speed, and the 
stoker could not keep the steam up as usual. The Engineer applied 
the Indicator, and then saw at a glance that some part of the valve 

Diagram No, 4' 




gear had given way, causing the steam to be too late in its admission. 
A very short time sufSced to discover where the fault lay, and not a 
long time to correct it. If this had occurred at some place where 
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the Engine is snpposed to be kept right by some Engineer coming 
once in twelve months to indicate, it may easily be seen that a very 
great loss would have been sustained. 

Diagram No. 6 is from a Non-condensing Engine. It is almost 
as good as can be produced. The terminal pressure is on the atmo- 
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Spheric line, so that thei-e is no waste. The only improvement which 
could be made, would be to close the exhaust valve a little earlier, 
so as to secure a little compression, or what is generally called 
cushioning. The back pressure line being on the atmospheric line 
T 
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is as good as is practicable. The valve is a back slide cut-oflTy and, 
as will be seen, acts admirably. 

Diagram No. 7 is from a Horizontal Engine of five feet stroke/ 
thirty inches diameter of cylinder, and forty-two revolutions per 
minnte, making 420 feet per minute speed of piston. The Engine 

Diagram No, 6, 
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was made by an engineering firm o£ high repute. Whether it had 
ever been in a better state than this Diagram shows, the manager of 
the firm to whom it belongs did not know. It shows clearly that it 
is not wise or safe to trust simply to the reputation of the maker 
for its proper and economical working. If we suppose that the 
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Engine had been right originally (a very doubtful point in this case), 
it was still very important to indicate frequently, and adjust what- 
ever was thus shown to be wrong. This Diagram is bad in every 
respect. The steam is rather too late at the commencement of the 
stroke, 'and is continued too long. The exhaust valve opens and 

Diagram No. 7. 




closes too late ; and, still worse, it is not open suflSciently to permit 
the steam to pass freely into the condenser, causing the vacuum to 
be very bad, and only a small amount even at the termination of the 
exhaust line. Another cause may operate to produce this defective 
vacuum, viz.: — leakage of steam through the valves, or piston, or 
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both. This Engine ought to drive the same power with one-third 
the quantity of steam, and consequently \sith one-third the amount 
of fuel, 

JXagram No, 8, 
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Diagram No. 8 is somewhat similar to No. 7 in its general 
features ; and, like it, has simply a three-port slide valve. The 
special point observable in this diagram, is the small amount of 
vacuum. At the time of taking the diagram the vacuum gauge 
attached to the condenser showed 12Ibs. This great defect in the 
vacuum was caused by the piston being bad (though quite a new 
Engine) thus permitting the steam to pass rapidly to the exhausting 
end of the cylinder. Every pound of steam passing the piston in 
this way is equal to a loss of 21foB of pressure at least, but probably 
much more. Now, without touching the question of expansion, let 
ns see what is the loss in this case simply arising from leakage of the 
piston. The vacuum shows an average of 5*51bs; whereas, even 
with the rather high terminal pressure which will obtain with valves 
in the present form, the vacuum should be (to put it low) lOibs. 
The difference between 5*5 and lOlbs being 4*5 ; and, as this must 
be doubled, as just shown, then the actual loss amounts to dfbn 
average pressure per inch — being equal to one-third of the steam 
wasted, or only two-thirds of the power obtained from it. 

Diagram No. 9 is from a Beam Engine having Cornish valves — 
in Lancashire frequently called stamper valves. The figure is of a 
very good general form. The opening and closing of the exhaust 
valve is excellent, and yet the amount of vacuum is deficient. The 
point particularly prominent in the diagram is the admission line, 
which is carried above the point at which it can be sustained by the 
mere pressure of the steam. This is caused by the valve being 
opened too rapidly, and the steam thereby rushing in with great 
violence. A corresponding vibration was communicated to the beam 
as appears on the diagram. The valve was only one day in this 
condition, as it was seen and felt that it would not be safe to 
continue. The Engine is one of a pair, with the cranks at right 
angles, and running at a speed of thirty revolutions per minute. 

Diagram No. 10 is from a Beam Engine, made by Messrs. 
Pbtbie & Sons, Engineers, Rochdale. It has piston valves and the 
well known twist cut-:off motion — the differential clutch gear — which 
moves the cut-off tappet forward or backward by the action of the 
governors. It is a comparison and a contrast with Diagram No. 9. 
For a light Beam Engine — such as it is — the diagram could scarcely 
be better. The steam, as will be seen, is admitted very gently, and 
cut off in such a way as to give a beautiful expansion curve, with a 
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terminal prcflsnre of 81bs below atmosphere. Speed— 80 revolatioiis 
per minute. 

Diagrams Nos. 11 and 12 are from a Beam Engine, in the 

Diagram No, 9, 
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neighbourhood of Bradford, which is driving a mill for the spuming 
and mannfiactoring of worsted goods. The Engine is in a very 

Diagram No, JO* 
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unsatisfactory condition in almost every respect. The admission of 
the steam in No. 12 is very late. The opening and closing of the 
exhaust valves is too late at both the top and bottom (Diagram No. 

Diagram No, 11. 
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11 is from the top, and No. 12 from the bottom of the cylinder). 
The Engine is driving 49 I.H.P. ; speed, 40 revolutions per minute ; 
three feet four inches stroke, and 22 inches diameter of cylinder. 
The same power could be got from half the quantity of steam, even 

Diagram No. 13, 
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with the same Engine, if the valves were of a proper kind and 
properly adjusted. Small firms usually work at a great disadvantage 
in the cost of power — not because costly running is an inevitable 
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condition which appertains to a small concern — but it is generally 
supposed not to be worth the trouble and expense of attending to 
such things — that, indeed, it would not pay to do so. In many cases 
little expense would be incurred, and a great saving effected. 

Diagram No. 14' 




Diagram No. 13 is from one of a pair of Horizontal Engines, at 
a Cotton Spinning Mill, They are five feet stroke, 2G inches 
diameter, and run at 48 revolutions per minute, — making 48(). 
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feet per minute speed of piston. Valves — Back Slide Cut-off. 
The diagi'am is a very beantifnl one. The admission shows that the 
maximum pressure is attained without violence. The steam line is 
parallel, showing it to be maintained at a uniform pressure to the 
point where the cut-off commences. The cut-off is quick, as is 
evident from the diagi'am — the true expansion line commencing 
almost immediately after the admission valve begins to close, and 
continuing to the point of intersection with the atmospheric line, 
where the exhaust valve begins to open. The closing of the exhaust 
valve fonns a beautiful compression curve. 

Diagram No. 14 was taken by the Richard's Indicator, from the 
same tap, and under exactly the same conditions, except that the 
pressure had fallen a little, both in the cylinder and in the boiler, 
when the former was taken. The adinission line in Diagram BTo. 13 
rises at right angles with the atmospheric line, when it reaches the 
maximum initial pressure by gently rounding the corner into the 
steam line. Diagram No. 14 shows the admission lino slightly 
receding from the peipendicular, the Indicator being unmistakably 
rather late in responding to the action of the steam. 

An examination ot the vacuum lines of the two diagrams at the 
point where the compression line begins, that is, the closing of the 
exhaust, shows the same characteristic phenomenon. The compression 
line is seen to commence earlier in Diagram No. 13 than it does in 
No. 14, proving the action of the Indicator to be much less affected 
by friction in the former than it is in the latter case. 

Diagram No. 15 was taken from one of a pair of Beam Engines, 
belonging to Messrs. Joshua Craven & Co., manufacturers, Thornton, 
near Bradford. They are of five feet stroke, 28 inches diameter of 
cylinder, and SO revolutions per minute, and have long D Valves. 
It shows the Engine to be in almost the best possible condition. 
Indeed, it is diflScult to conceive how better results could be obtained 
with the same initial pressure of steam. No part of the diagram can 
be altered with advantage — taking into account the speed and all 
other circumstances. It may truly be pronounced a perfect diagram 
of its kind. 

No. 16 is a double diagram, taken from a Horizontal Engine,- 
60 revolutions, three feet six inches stroke, and 24 inches diameter 
of cylinder. It has a piston valve with twist cut-off motion. 
The cut-off is not bo complete and decisive as we generally find 
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in valves of this description. The opening of the valve is too 
sudden, as shown by the diagram, and felt, when standing by the 
Engine, as plainly as it is seen on the diagram. The weight of steam 
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is much greater at one end than the other. This is a common occur- 
rence which can only be remedied by adjusting to the requirements 
shown by the Indicator. The vacuum is excellent. 

Diagram No. 17, .if presented without any explanation, would 
be as incomprehensible to 99 per cent, of Engineers as Mexican 
hieroglyphics. A description of the circumstances in 'which it is 
produced will, however, soon enable the reader to understand it. 
The Engine is for compressing air and sending it down the shaft of 
a coal pit to drive Engines at the bottom, instead of using steam. 
The speed is only six to seven revolutions per minute. The steam 
and air cylinders are both in one line, with the piston-rod passing 
from one to the other. The steam cylinder is seven feet stroke, and 
three feet nine inches diameter, and has Cornish valves. It is a 
Non-condensing Engine. It will be noticed that the pressure at the 
commencement of the stroke is 26ft)8 above the atmospheric line, 
and runs gently down to 14ibs, after which it again suddenly rises 
to 25ibs pressure, which is maintained to the end of the stroke. 
This arises from the fact, that at the commencement of the stroke 
the pressure in the air cylinder is at zero, but as the piston advances 
the pressure of air increases gradually until it has attained its 
maximum of 40ibs, above which it cannot rise. This pressure is 
reached when the piston has traversed two-thirds of its stroke. The 
momentum of the fly wheel, however — the speed of which is rapidly 
accelerated at the early part of the stroke — carries the piston past the 
point where the maximum pressure in the air cylinder is first reached, 
until, when it arrives at the point where the notch in the diagram 
occurs, the momentum has been expended, and it comes to a dead 
stand, and only moves forward the remainder of the stroke by the 
whole cylinder being filled with steam of 25 lbs pressure above 
atmosphere. The back pressure also is a source of great loss. To 
have lifts of back pressure during half the stroke, is a state which 
alone would alarm any one who had the coals to pay for. Yet, this 
is only a small loss in comparison with the steam side of the diagram. 
In this case there are difficulties in the way of coming to an accurate 
estimate of the amount of loss, but it is undoubtedly very great. 

A precaution has been urged at page 93 in respect to placing the 
cylinder taps so near the end of the cylinder (if not put in the cover) 
that the piston shall not pass or cover the orifice when at the end of 
its stroke. 
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Diagram No. 18 is an example of such an error. In this case 
we will leave the reader to his own ingenuity in the further 
deciphering of it. ^ It is clear that no reliable judgment can be 
arrived at from such a diagram. 

Diagram No, 18, 
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Diagram No 19 is a double one, from a Corliss Engine. The 
one from which this diagram is taken is a Horizontal Engine, as 
most of the Engines with Corliss valves are. It is four feet stroke, 
two feet diameter, and runs 52^ revolutions per minute. The valves 

Diagram No. 19. 
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are called " Inglis & Spencer's Patent Improvements of the Corliss 
Valve," and are mada by Messrs. Hick, HARaRBAVES & Co., Bolton. 
On examination of the diagram it will be seen that the valves move 
with perfect scientific accuracy. Though the Engine runs at a fast 
speed, yet almost the fcdl boiler pressure is admitted on the piston in 
the most gentle manner possible. Any consecutive number of 
diagrams will show an equal degree of perfection. The cut-off is 
equally regular and smooth in its action on the steam. At one end 
of the cylinder the steam is shown to be cut off at about one- 
twentieth and at the other end about one-fortieth of the stroke. The 
terminal pressure of the one-twentieth cut-off is 8ft)S below atmo- 
sphere, and the terminal pressure of the one-fortieth cut-off is 9ft)8 
below atmosphere. This merits a few words of explanation. If the 
piston, at the end of its stroke, left no space between it and- the 
cover, that is, if there were no clearance and no capacity whatever 
beyond that which is left by the advancing piston, then the difference 
in the terminal pressure would assuredly be much greater than is 
found in this diagram. Such, however, is not the case. There is 
the amount of clearance and the ports, &c., and these, in addition to 
the distance moved by the piston, constitute the capacity which the 
steam occupies at the point of cut-off. There is also the conden- 
sation on the admission of the steam which affects the terminal 
pressure to an extent something difficult to determine. The initiaF 
condensation is relatively greater as the cut-off is earlier, and the 
ratio of expansion is greater, as will be shown hereafter in connec- 
tion with other diagrams. The cylinder being jacketed and sup- 
plied with steam at the boiler pressure, a large portion of the 
condensed steam is re-evaporated, — whether all of it, cannot here be 
determined. Had the points of cut-off been one-fifth and one- 
tenth, then the relative difference in the terminal pressures would 
have been much greater, because the clearance in the latter case 
would have borne a smaller proportion to the whole capacity 
of steam at the time of cut-off. This part of the diagram 
will now be clearly understood. The fact of one end of the cylinder 
having the steam cut-off half the length of the other end is very 
simply explained. In these Engines there is no throttle valve — 
the speed being regulated by the admission valve, which slips back 
instantaneously by the action of the governor when sufficient steam 
has entered the cylinder for its requirements. With the slightest 
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change of speed the governor will cause the cut-off to be earlier or 
later as the speed may require. The very next diagram taken might 
have the relative points of cut -oft reversed. Whatever may be the 
point of cut-off, the maximum pressure in the cylinder will be about 
the same, and will bear a fixed relation, according to circumstances, 
to the boiler pressure, whatever that pressure may be. In this 
instance, tlie boiler pressure is 60ft)S. The initial pressure in the 
cylinder usually ranges from lib to 4ft)s below the boiler pressure for 
the time being. 

This diagram shows a most excellent vacuum — almost the best 
attainable — which, with the speed of the ifngine considered, proves 
the air-pump to be good, and the exhaust valves to be admirably 
an*anged. The exhaust valves are shown to be full open to the end 
of thie stroke, and then to close quickly. There is no cushioning 
here. The early cut-off and low terminal pressure are such, that the 
momentum of the reciprocating parts will be feirly expended on 
reaching the termination of the stroke for this moderate speed of 
Engine. A higher speed would necessarily require more compression. 
There is yet another feature in this diagram which deserves some 
attention. It will be noticed that the expansion line falls in steps or 
terraces. This is not in the least degree objectionable. The cut-off 
is so instantaneous, that this must be so with any instrument 
sufficiently sensitive to be reliable in other respects. The mean 
pressure will be got from it equally well. The opening is steady 
and regular — this perfect regularity being reproduced in any number 
of diagrams. This is an example of a very high degree of expansion. 

Diagram No. 20 is from an Engine made by the "Whitworth 
Engineering Company, Limited (Sir Joseph Whitworth & Co.), 
Manchester. It is a Horizontal Engine, two feet six inches stroke, 
eighteen inches diameter, and runs at 120 revolutions per minute. 
It is the famous " Allen Engine," the first one seen in this country, 
being brought from America by Mr. C. T. Porter, and shown at the 
International Exhibition of 1862, The Engine takes its name from 
the inventor of the valve and valve motion. The valve may be 
described generically as a back-slide cut-off valve. The cut-off is 
completely under the control of the governor, and acts admirably — 
the Engine requiring no throttle valve. The arrangement for 
changing the position of the back-slide valve, by the action of 
the governor, is unique and beautiful. This diagram shows how 



ii7 

sweetly and smoothly the valves work. The diagram shows the 
terminal pressure very high for the early cut-oflf. The speed being 
very high, the steam, which on entering a condensing cylinder, is 
always condensed more or less, is here reconverted into steam as the 

Diagram No. W, 




piston advances. The cylinder being steam jacketed, secures the 
more complete re-evaporation of the steam which had been con- 
densed on its first entrance* Besides which, the diagram seems 
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to indicate a considerable amount of water caiTied with the steam 
into the cylinder, some of which, in this case, will be converted into 
steam as the piston advances. Hence, probably, the high tenninal 
pressure. The expansion curve is a beautiful one for such a speed. 
The vacuum seems small for such a first-class Engine. But when 
we take into account the very high speed and the rather high 
terminal pressure, it is clear that such a vacuum as some of the 
diagrams show is simply impossible. The opening and closing of 
the exhaust valves is nothing short of perfection. Indeed, the 
diagram is altogether a gem. 

Diagram No. 21 is from a Horizontal Engine (a pair run together). 
Speed, 48 revolutions ; stroke, five feet ; and diameter of cylinder, 
28 inches ; with Cornish valves. The admission line shows the 
steam to reach the full initial pressure before the piston moves. 
This is quite safe and useful for a Horizontal Engine at this speed. 
The cut-off is not so decisive as many other Cornish valves show. 
This is determined partly by the shape of the tappets, and partly by 
another fact in this case. These Engines have got very large ports 
and valve box, so that a considerable capacity has to be filled with 
steam besides the capacity left by the distance which the piston has 
moved at the point of cut-off. Another, and still more potent cause 
of the indefinite and undistinguishable cut-off, is one which appertains 
to a very great number of Engines. It is this : The amount of the 
opening of the valve is not sufficient to admit as much steam as will 
maintain the initial pressure when the piston begins to move with 
accelerating speed. Hence there will be a fall in pressure, even 
though the valve may remain equally open, and when the valve does 
close, there is no falling of the pressure in the cylinder, as shown by 
the diagram. It is impossible to determine at what point the valve 
really closes. To assign to each of the three causes here described, 
its exact value in its influence on the expansion line, would -require 
more exact data than we have at hand. 

Diagram No. 22 is from the top of one of the large Beam Engines 
of Messes. Eccles Sharrock, Brothers, and Company, Over 
Darwen, and which were made by Messrs. W. and J. Yates, of 
Blackburn. They are seven feet six inches stroke, four feet three 
inches diameter, and run at twenty-eight revolutions per minute. 

The Valves are Cornish, and the tappets, which are movable, 
have four lifts, thus providing for four points of cut-off. Diagram 
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No. 23 was taken at the same time, or immediately after, from the 
same tap, by the Kichards' Indicator. 

Diagram No. SI. 




Diagram No. 22 is to the scale of 101b ^ per inch, and Diagram 
No. 23 is to the scale of 1211 s ler inch. It will be olserved that 
the admiEEion lin3 in No. 22 is at right angles with the atmospheric 
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line to near the point of maximum pressure, where it gently rounds 
to the full initial pressure. 

The admission line in No. 23 is seen to recede from the right 
angle line as though the admission of steam was too late. Indeed, if the 
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Indicator by which this diagram was taken had been implicitly relied 
upon, the tappet would have been moved forward in order to admit 
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the steam earlier on the piston, the resalt of which might have been 
very disastrous, and would most certainly have caused a dangerous 
strain and vibration in the Engine. It is quite evident from 
Diagram No. 22 that such would have been the case, as the ad- 
mission of the steam is here shown to be at the right time. If the 
piston of the Indicator were carried by its momentum, in advance of 
the actual pressure of steam, there would inevitably be a re-bound ; 
and as this does not occur, there must be present the requisite sus- 
taining pressure, which proves demonstrably that the valve is 
properly set, and not too late, as indicated by Diagram No. 23. 

Diagrams No. 24 and 25 are from a Beam Engine in Rochdale, 
with Messrs. Petrie's Valves. No. 24 is an excellent example of valve 
setting, but the quality of vacuum^ is not good. It ought, with 
such an amount of expansion and terminal pressure, to maintain an 
average of 13ibs. No. 25 is from the opposite end of the cylinder, 
but as will be observed, is later in opening on the steam side and a 
little earlier in closing the exhaust. In this case an average of lOfts 
of vacuum is obtained, and although the exhaust at this end is 
nearer the condenser, yet there is a positive loss of two pounds 
average pressure upon the piston throughout the whole of each ex- 
haust stroke, at this end of the cylinder, being about one-sixth of 
the steam used ; the cause, if not ascertained and rectified, will 
simply be a waste of steam to the extent shown. The value of an 
Indicator is thus again made manifest. 

Diagram No. 26 is now shown in comparison to No. 24. The 
valve of this engine is of the construction known as the Back Slide 
Cut-off. There we have an example, not of better valve setting, as 
it is similar in all respects to No. 24, which was complained . of 
in the former case of having only a 12ft)S average vacuum, in this 
instance makes an average of 13lbs, with 27jlbs on the piston. 
In the case of No 24 the speed of piston is 329 feet per minute, 
and makes 29 revolutions per minute, whilst in this case the engine 
speed is 376 feet and 47 revolutions per minute. Now it is well 
known that it is more diflScult to obtain an equal vacuum with 
Increased revolutions of the engine, as that is more a consideration 
than the actual number of feet per minute. Thus we see that the 
one engine of 47 revolutions exceeds in every respect the other at 
29 revolutions. For this discrepancy there is a cause and remedy ; 
although the initial pressure is in excess of .the other, yet the 
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terminal pressure is about eqnal, therefore eqnal results should 
ensue. 
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DiagramB 27 and 28 are from Gomponnd Engines, and must there- 
fore be considered together. The set of engines consists of fonr 
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cylmden. There is a pair of High PreBsnre Horizontal Engineq 
with the cylinders placed in pturallel lines, and^have the cranks at 
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right angles one with the other. The length of stroke is four feet ; 
the diameter of cylinders^ 29 inches ; the speed 41 revolutions per 
minute ; making 328 feet per minute speed of piston.> 



Dittgram Ko, f0. 





'B7W 



There is also a pair of Side Lever Condensing Engines, with 
cylinders 55 inches diameter ; five feet six inches stroke of piston ; 
and 20Jt revolutions ; making 225^ feet per minute speed of piston. 
Calculating the areas and speeds of pistons of the high and low 
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pressure ejlinders we find the high pressure cylinders to be in 
capacity as 1 : 2*474 of the low pressure cylinders ; the low 
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pressure cylinders being nearly two-and-a-half times the capacity 
of the high pressure cylinders. In these Engines nearly one-third 
of the steam is wasted. The steam is kept on at full pressure in the 
high pressure cylinder, during the whole length of the stroke ; and 
in the low pressure cylinder, during two-thirds of it. This, as 
will be shown in another part of this work, is a very improper 
way of using the steam. The back pressure in the high pressure 
cylinder is more than is due to the initial pressure in the low 
pressure cylinder ; and the amount of vacuum in the low pressure 
cylinder is not what it ought to be. The two sets of Engines are 
connected by gearing. The pipes which convey the steam from the 
high to the low pressure cylinders serve the purpose of a receiver, 
and thus maintain a nearly uniform back pressure. 

Diagrams 29 and 30 are from the high and low pressure cylinders 
of a Compound Engine having the cranks placed at right angles, 
with the pistons beating at the same intervals of time ; but, when 
one is at the end of its stroke, the other is in the middle. There is 
no receiver between the cylinders, the steam being conveyed direct 
from one cylinder to another by a pipe. The increased back pres- 
sure in the middle of the Diagram No. 29 is thus clearly accounted 
for. When the piston of the low pressure cylinder is at the end of 
its stroke — the high pressure piston being at the time in the 
middle, and the pipes between the cylinders being of small capacity 
— the pressure in the pipes, and also in the high pressure cylinder 
must rise, as there is no escape for the steam. The diagram from 
the low pressure cylinder, No. 30, has a strange peculiarity not 
seen in any of the preceding diagrams. From near the commence- 
ment of the stroke the pressure is seen to fall until it reaches about 
half the length of the diagram, from which point the pressure main- 
tains a parallel line for another quarter of its length. This results 
from the same cause as the concave-curve back pressure line in 
the high pressure diagram.. When the piston of the low pressure 
cylinder is in the middle of its stroke, and the high pressure piston 
at the end of its stroke, its exhaust valve is opened, and so 
an increased supply of steam is admitted to the low pressure 
cylinder at the middle of its stroke, which keeps up the pressure as 
shown in diagram. In some cases, with this arrangement of Engine, 
the pressure will actually rise again a^fter having once fallen in the 
low pressure cylinder. — See Diagram No. 87. 
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' Diagrams 31 a^id 32 are from high and low pressure cylinders of 
a set of Compound Engines of the geared class. There is a pair of 
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Beam Engines coupled together, with the cranks at right angles. 
In another room is a pair of Horizontal Engines conpled together, 
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with their cranks at right angles, and running two and a half revo- 
lutions for one of the Beam Engines. These are the high pressure 
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cylinders, and their capacity, when the speed of piston is corrected 
to that of the Beam Engines, are as 1 to 3*4 of the latter. The two 
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pairs of Engines are coupled together by gearing. The pipes which 
convey the steam from the high pressure cylinders serve as re- 
ceivers. The steam is cnt off in the high pressure cylinder at 
about four-fifths the stroke. The back pressure, by reason of the 
capacity of the pipes, is nearly a constant quantity. There is a 
slight difference observable in the middle, when the back pressure 
rises about one pound. The cause of this is the increased speed of 
piston at that point. The speed is 70 revolutions per minute,, and 
the ports are not large enough, or the valves are not open enough, to 
permit the steam to escape freely enough when the piston is at the 
highest speed. 

Diagram No. 82, from one of the low pressure cylinders, is not 
a bad one. It is much superior to many diagrams from Compound 
Engines, and very much better than its companion diagram. No. 
30, from one of the high pressure cylinders. There is only a 
difference of 2^ft)S between the initial pressure in Diagram No. 31, 
and the back pressure in Diagram No. 30, which is a^ near as is 
usually got, but not as near as ought to be accomplished. These 
Engines admit of considerable improvement in connection with the 
high pressure cylinders. , . 

Numbers 33 and 34 are from the top and bottom of a high pres- 
sure cylinder of a Compound Engine. They are given to illustrate 
a serious defect in the construction of the valves. An examination of 
the diagrams will clearly show this. At each end of the cylinder 
the exhaust valve remains closed until the piston has reached the 
end of its stroke. If it also closed too late, this defect could be 
remedied by an adjustment. This, however, is not the case, as the 
too early closing of the exhaust is still worse than the late opening. 
The exhaust valve should be open during half the revolution of the 
Engine, for, as it requires to open — say within one-tenth of the end 
•of its stroke — so it should close when within one-tenth of the 
end of its return stroke. These diagrams show the exhaust valves 
to be open during about two-thirds of the stroke only, which has the 
effect of compressing the steam in the cylinder in a mischievous 
manner. This example proves the importance of testing Engines by 
the Indicator, even when fresh from the makers. 

Diagrams 35 anS 3G are from the high and low pressure cylinders 
of a MacNaughted Beam Engine. They may be classed amongst the 
best examples of the working of Compound Engines hitherto. The 
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difference between the back pressure in the high, and the initial pres- 
sure in the low pressure cylinders, is very small, not being more 
than one pound. The diagrams are corresponding ones. The higl 



Diagram No, 33, 



Ito 

pl*e8stire diagram is from the bottom, and the low pressare diagram 
from the top of the respective cylinders. The compression in the 

Diagram No, 34* 
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high pressure . cylinder is too great, and especially so when it is 
remembered that the speed is very slow. 

Diagram No. 36. 
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Diagram 87 possesses, but in a more striking degree, the 
characteristics of Diagram No. 29. It is from the low pressure 
cylinder of a Gomponnd Engine, the pistons of which — though 

Diagram No. S6, 
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beating at the same intervals of time — do not beat simnltaneonslj. 
In this case the exhaust valve of the high pressure cylinder 
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evidently opens some little time before the piston of the low pressure 
cylinder reaches the middle of its stroke, and before the latter has 

Diagram No. 37. 
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attained its highest velocity ; and, consequently, the fresh influx of 
steam raises the pressure again from the point to which it had fallen 
with its limited first supply. This is certainly not the best way of 
arranging a Compound Engine. To give an additional impetus to 
the piston at a time when it has attained its highest velocity is in 
utter disregard of the laws of dynamics. 

Diagrams 88 and 89 are from a Compound Beam Engine. The 
high pressure cylinder is horizontal, and its crank is placed at the 
opposite end of the fly-wheel shafl^ to that of the Beam Engine. 
Diagram No. 88, from the high pressure cylinder, when viewed in 
connection with Diagram No. 89, from the low pressure cylinder, 
indicates very clearly that there is something wrong. It may be 
well to state at once that the corresponding diagrams, from the 
opposite ends of each cylinder, are exactly similar to these. Hence 
it is unnecessary to give all the four diagrams. The loop at the 
terminal point of Diagram No. 88 indicates leakage through the 
valves, or the piston, or both ; and in the next place, the exhaust 
valve does not open soon enough, nor wide enough, to allow the 
steam to escape freely. This great back pressure cannot be due to 
the pressure of steam in the pipes which convey it from the high to 
the low pressure cylinder, because, if this should be the case, the 
greatest back pressure would be found at the termination of the 
exhaust line instead of the commencement of it, as we here find it. 
The initial pressure in Diagram No. 39, from the low pressure 
cylinder, when compared with the commencement of the back pres- 
sure line in No. 87, proves that a great loss of power is sustained. 

Diagram 40 is a highly speculative one, and will usefully serve 
as a study to many Engineers. It is from the high pressure 
cylinder of a Compound Engine, which is vertical direct acting, 
with cylinders of 21 inches and 80 inches diameter respectively, and 
8 feet 6 inches stroke, and running at a speed of 50 revolutions per 
minute. The capacities of the cylinders are in the ratio of 1:2. 
The valves of both cylinders are Comigh. The cranks are placed 
nearly opposite, — the high pressure crank leading by IS*', which 
equals one thirty-fifth of the length of the stroke, taking the mean 
of both ends. The high terminal pressure, and the still higher back 
pressure, are very singular phenomena, and merit some attention, as 
it is desirable to ascertain the cause. The apparent cut-off by the 
valves occurs at about one-fourth of the stroke, and at one-third it 
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Diagram No. 39, 
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appears to show the cut-off eomplete. At this point the pressure is 
38 + 15 = 5dtt>s absolute^ which by the ordinary law of expansion 

Diagram No, Jfi, 
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would give 17"66ft)8 terminal pressure, whereas the actual terminal 
pressure as per diagram is 18 + 15 = SSlbs. In order to make 
sure that the cut-off is really complete (judging and being guided by 
the form of diagram) let us take the middle of the stroke, where the 
pressure is found to be 23 + 15 = 381bs. As a matter of fact the 
valves of the high pressure cylinder were made to cut off before 
half-stroke, and those of the low pressure cylinder to keep open 
the whole length of the stroke. Taking the pressure at the middle 
and dividing by two, we have 38 -r- 2 = 191bs, which should be the 
terminal pressure by the law of inverse ratio. This shows that a 
considerable quantity of steam is admitted between one-third and 
half-stroke. 

The great increase of terminal pressure above what is due to the 
quantity of steam at half-stroke proves that steam is rapidly entering 
the cylinder during the time ; and the rise in the pressure from 18 
to 221bs, whilst the piston is at rest at the end, is additional proof. 
It is quite evident from this that the valve is in a very defective 
condition, permitting steam to pass very copiously after it has 
been closed. 

Why the pressure is not more rapidly reduced as the piston 
moves on its return stroke, is due to the same cause. As the valves 
of the low pressure cylinder remain open during the whole stroke, 
the pressure of steam at the termination of the stroke in the high 
pressure cylinder should be reduced on its back pressure or exhaust 
line in the proportion of the capacities of the cylinders at any point 
of the stroke. The ratios of the cylinders being as 1 : 2, it follows 
that when the low pressure piston has reached half-stroke, the 
steam, which at the commencement of the stroke of the high pres- 
sure piston occupied a capacity of one, will now occupy a capacity of 
1*5, so that the pressure — which was 18 + 15 = 331bs — should now 
be 33 -f 1*5 = 221bs ; or, taking the higher pressure at the com- 
mencement of the return stroke of 22 + 15 = 37lbs, and dividing 
as before, we have 37 -4- 1*5 = 24-66lbs. We have here neglected 
the lead of the high pressure piston, because it would not affect the 
calculation appreciably. The back pressure line on the diagram at 
this point shows a pressure of 20 + 15 = 351bs. This proves un- 
mistakably either a great influx of steam, or the insufficiency of the 
valves to permit the steam to escape into the low pressure cylinder. 
Having a full set of diagrams, we are able to determine this point. 



J 



184 

The low pressure diagrams show a mean initial absolute pres- 
sure of 31'51bs^ whilst the mean pressure in tlie small cylinder^ at 
the same time, is 39*51bs. The mean in the low pressure cylinder 
at half-stroke is 27lbs, and in the high pressure cylinder at the 
same time tlie mean pressure is 331bs, which makes a difference of 
6H)s^ due probably to the friction of the steam in its passage 
through two sets of valves and the pipes — ^which are of small 
capacity, and lead direct from the one cylinder to the other without 
there being a receiver between them. If this loss of pressure in 
passing from one cylinder to another did not occur here^ then the 
back pressure line would be reduced from 331bs to 291bs, which will 
be the equilibrium of the two pressures and capacities. From this 
data we shall be able to ascertain approximately the amount of leak- 
age through the valves of the high pressure cylinder. The mean 
pressure of both diagrams at half-stroke on the advance line is 
421bSj at which point the valves have been closed as completely as 
their conditions permit. The terminal pressure, by the law of 
Marbiottb, will be 211bs. When, however, we take the mean of 
the real terminal pressure — which we find to be 36*51bs — and the 
pressure at half-stroke (4:21bs), the quantity of steam which is found 
at the latter place is only 57*5 per cent, of that which is found at the 
end of the stroke, and before the pressure begins to rise whilst the 
piston is at rest. As 42*5 per cent, leaks through the valves during 
half the stroke when the pressure in the cylinder is highest, it is 
probable that such leakage is no less during the whole of the return 
stroke. This would lead to the conclusion that of all the steam 
which enters the high pressure cylinder, only 57*5 to (42*5 x 3 =) 
127*5, or 31,08 per cent, enters during the time which the valves 
are actually open, — indeed, up to half-stroke. 

Let us see what is the proportion of leakage from another point 
in the diagrams. Above we have seen that the equilibrium of mean 
pressures, at the middle of the return stroke, is 291bs. Now, at 
this point the steam occupies three times the capacity which existed 
in the high pressure cy Under at the middle of the advance stroke, 
so that following the law of inverse ratio, we should have 421b8 
-i- 8 = 141bs, whereas we find 29lbs to be the act^l pressure. The 
calculated pressure of 141bs, just arrived at, does not represent 
exactly the real pressure which would exist if no more steam entered 
the high pressure cylinder after the piston had passed the half- 
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stroke when advancing. The vario-thennal pressure line* would 
give 12'841bs, and the actual pressure which would result from the 
condensation of some of the steam would reduce the pressure below 
this amount, so that if we say 121bs, we shall probably be about 
correct. Then, as 12 is to 29, so is the quantity of steam which had 
entered the cylinder at one quarter of the revolution to that which 
has entered at three-quarters, so that we shall now find 12 : 29 
: : 41*88 : lOO. AlS we cannot take actual pressures at the end of 
the stroke in the low pressure cylinder, and as— for reasons which 
will be given — it would for this purpose be fallacious if we did, we 
will proceed to ascertain the total leakage from the last data. As at 
three-quarters of a revolution we have 29lbs, or 17lbs as the equiva- 
lent of the leakage for the second and third quarters of the revo- 
lution, then at the same rate, 171bs, at the end of the fourth quarter, 
will become 25-51bs ; so that we get 12 + 25*5 = 37'5 as the final 
quantity of steam, instead of 12. The result will be as 12 : 87*5 : : 
32 : 100. Thus, we arrive at the conclusion, that 68 per cent, of 
all the steam which passes into the cylinders is by leakage. 

It will be useful now to bestow some little attention on the low 
pressure diagrams and cylinder. The most notable fact we dis- 
cover here is the exceedingly small amount of vacuum — the mean 
average of the two diagrams (both ends) being only 6-51bs. The 
cause of this we can only arrive at inferentially. The mean, 
of the pressure just before the opening of the exhaust valve, for the 
escape of the steam into the condenser, being reduced to the 
terminal pressure, we find the latter to be thus, 18lbs. Referring 
once more to the high pressure diagrams in the middle of the 
advance stroke, where the pressure is 4:21bs, and dividing by four, 
which will be the number of times to which it is expanded at the 
termination of the stroke in the low pressure cylinder, we get . 
10-51bs as the final pressure. Correcting this to the vario- 
thermal pressure line, or pressure resulting from the increased 
volume of steam and its correspondingly reduced temperature, we 
get 9*411bs as the final pressure ; and, if we now make, a small 
allowance for a still further reduction of pressure' resulting from 
condensation in the cylinders, of say 0'411bs, then the real final 
pressure would be 9lbs. This estimate is quite high enough for 

♦ This ii designated by the Ute Professor W. J. M. Rankiao,~Th# AdUbatic Lint, or Ounrt. 
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nnjacketed cylinders — ^which these under consideration are — and as 
high as would he practically obtained. The result here arrived at 
giyes us just half the amount of the actual terminal pressure in the 
low pressure cylinder, which the Indicator reveals, so that twice the 
amount of steam is present in the low pressure cylinder at the 
termination of the stroke as existed in the high pressure cylinder 
at half the forward stroke, and when the inlet valves had actually 
closed — ^so fer as their condition permitted. 

Prom this data we will now proceed to the consideration of the 
cause of the defective vacuum stated above. 

By a preceding calculation we have conclusively shown that the 
steam entering th6 cylinder after the point of half-stroke, or termi- 
nation of the first quarter of a revolution, constituted not less than 
68 per cent, of the whole consumption — ^leaving 32 per cent, only as 
having entered at the proper time. The above examination of the 
real and calculated terminal pressures in the low pressure cylinder 
shows the proportion to be 50 per cent. As 32 per cent, would thus 
form only half, then 64 per cent, only of the steam which we have de- 
monstrably proved to have entered the cylinders is found at the termi- 
nation of the stroke of the low pressure cylinder. This will leave 
36 per centi as having disappeared. Where shall we look for it, or 
for an indication of the manner of its disappearance ? The defective 
vacuum will suflBciently explain it. If the Engine had been in good 
and proper condition, the vacuum should have been not less than 
121bs; and as the season (being November) and other conditions 
were favourable, this amount, it is fair to assume, would have been 
obtained. As the vacuum shown by the diagrams is only 6-51bs, then 
a deficiency of 5'51bs has to be accounted for. 

Now, as the valves of the high pressure cylinder are so very 
defective, we might reasonably suppose that those of the low 
cylinder would be so Ukewise. Coupling together the facts of the 
defective vacuum and the disappearance of 36 per cent, of the steam, 
it will be perfectly safe to conclude that this disappearance is due to 
the leakage of the valves which permit the steam to rush directly 
into the condenser on the exhaust side of the piston. This has the 
effect of wasting the steam by direct escapement, and also of neu- 
tralizing the force of that which would otherwise be effective on the 
steam side of the piston. The decrease of vaxsuum thus caused is no 
guide to the amount of steam consumed in causing it. The latter 
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will depend upon the amplitude of the exhaust ports and the effi- 
ciency of the condenser. The amount cannot be less than the 
decrease of vacuum, but it may be, and probably is, much more, 
as we will now show. The amount thus oonsumed, or rather lost, 
will be I0'1251bs certainly ; this amount bearing the same propor- 
tion to 181bs which 36 does to 64. If, now, we add 10'1251bs of 
steam to 5*51bs of defective vacuum, the practical result will be an 
eflFective loss equal to 15*6251bs of steam. Then as 15*625 is to 
18, so is the proportion of the non-effective consumption of steam 
to that which is effective — the loss of power being thus shown to 
amount to 46*75 per cent. 

Since these last diagrams were taken which we have been 
analysing, the valves have been removed, and new ones of the grid 
form put in their places ; and since going through the above analy- 
sis, we have obtained a set of diagrams very recently taken from the 
Engine in its changed condition, after it has worked for two years. 
We have also got full information as to the present condition of the 
Engine ; the present and former consumption of coal, and amount of 
power. From these data we shall now be able to test the value and 
the correctness of the above analysis. 

The average consumption of coal under the conditions which 
obtained when these diagrams were taken was 88 tons per month. 
The H.P. was not more than 130. After the change in the Engine, 
5,000 mule spindles and preparations were added, raising the power 
to 180 H.P., and with a consumption of coal of 77 tons per month. 
The increase of power here amounts to 0*277 of the whole. The 
smaller consumption of coal is equal to 0*143 of the whole. Putting 
these two factors together, we get 0*420 as the proportion saved, 
which is simply 42 per cent. This is not quite so much as shown 
by the analysis and calculations above, and for a very good reason. 
The Engine, ever since the application to it of new valves, is not in 
a satisfactory state. The cranks are now placed at right angles, and 
there is not a receiver between the cylinders, the result of which is 
useless and excessive back pressure in the high pressure cylinder. 
The passage of the steam from one cylinder to the other is much 
impeded — the difference between the back pressure line in the first, 
and the steam line in the second cylinder, being nowhere (at corre- 
sponding points) less than 6lbs, andj averaging much more. The 
want of true proportion between the two cylinders causes the 
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terminal pressure in the low pressure cylinder to be too high, so that 
the steam is not worked as expansively as desirable, and as economy 
requires. This also prevents as good a vacuum being secured as 
would otherwise be easily obtainable. The vacuum is now lllbs 
average ; and as the diagrams were taken in May, and the injec- 
tion water drawn from a small lodge, which naturally has a much 
higher temperature than in November, (the month in which the 
former diagrams were taken) it will be seen that the assumption of 
121bs vacuum (potential) in a calculation above, was amply justified. 

In view of all the facts of this case, we are fully warranted in 
stating, that with a correct proportion and size of cylinders, a still 
better arrangement of valves, and the addition of a receiver — ^more 
especially with cranks at right angles — the saving might be in- 
creased to 60 per cent, on the former consumption of fuel ; that is, 
that 40 per cent, of the former consumption of fuel should have 
BufiBiced to produce the same power, by the simple alterations here 
indicated. Such enormous waste of steam as this case reveals could 
not be suffered to continue if the owners adopted the means to 
ascertain the facts. The Engine had been working in this state 
some years before the proprietors were aware of its deplorable con- 
dition; and as they had never possessed or used a Steam Engine 
Indicator, they were not conscious of the importance of indicating 
and understanding the diagrams. 

In Compound Engines there is great necessity for indicating in 
order to secure a proper adjustment of the valves, otherwise much of 
the steam may be rendered non-effective. In many cases it will be 
desirable to have Indicator taps fixed on the pipes, which convey 
the steam from the high to the low pressure cylinder, in order to 
ascertain where the defects in the steam passages exist. The best 
places to fix them will be the valve-chests, or as near to them as 
circumstances will permit, so that they be outside the valves of each 
cylinder. This would enable the enquirer to see where the attenua- 
tion of the steam occurred. 4- difference of a considerable amount 
existing between the back pressure in the first, and the initial 
pressure in the second cylinder, it should be the aim of the Engineer 
first to discover the cause, and then to remove it. 

We find many cases of unnecessarily great back pressure in the 
high pressure cylinder relatively to the initial pressure in the low 
pressure cylinder of Gompound fjugines* It should always be the 
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aim X)t the Engineer to have the back pressure line in the first, and 
the steam line in the second cylinder, to coincide as nearly as 
possible at the points which correspond in point of time, and up to 
the point of cut-oflf in the latter. It is very common to find great 
disparity in this respect. By attending to the recommendations* 
herein- contained, and comparing the diagrams thus taken with 
those taken in the ordinary way from the cylinders, the Engineer 
would be the better enabled to understand, and to rectify his Engine ; 
whereas, otherwise he might be groping in the dark, and blundering 
in his efibrts. The money thus saved to the owner, and the time, 
&c., saved to the Engineer, would no doubt be appreciated by both. 

Number 41 is a common type of diagram from the high pressure 
cylinder of a certain species of Compound Engines (the most 
ancient of all the class of Compound Engines), the one originally 
patented by Hoknbloweb, and now usually known as Woolf's Plan. 
In this plan the cylinders are placed close together under the same 
end of the beam — the high pressure cylinder being nearest to the 
centre, and consequently having the shorter stroke. There is the 
strange anomaly in this diagram of the pressure rising as the piston 
advances for about one-third of the stroke, — and from this point a 
a constant pressure is maintained to the end. When the exhaust 
valve opens, the low pressure piston is also at the end of its stroke ; 
and as the cylinders are close together, and have no receiver, there 
is no way for the steam to escape. Hence the great back pressure 
at the commencement of the exhaust line ; giving a correspondingly 
high initial pressure in the low pressure cylinder, provided the 
valves of both cylinders be sufficiently open to permit the free 
passage of the steam. 

Diagrams 42 and 43 are from the cylinders of a Horizontal 
Compound Engine belonging to Mr. Eli Heyworth, Audley Hall 
Mill, Blackburn, and made by Messrs. W. and J. Yates, Engineers, 
of the same town. The cylinders are placed parallel, and the 
cranks are fixed at each end of the fly-wheel shaft,, the crank for the 
low pressure cylinder being 25 degrees in advance of the crank for 
the high pressure cylinder, — ^being equal to one twenty-fourth of 
the stroke (60 inches), or two-and-a-half inches traverse of the 
pisu>n ; so that when the high pressure piston is at the end, the 
low pressure piston has advanced two-and-a-half inches. The 
speed is 34 revolutions per minute, and the stroke of each piston 
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five feet, making 840 feet per minate speed of piBton. The high 
pressnre cylinder ie 20 inches diameter = 314 inches area. The 
low pressure cylinder is 34 inches in diameter = 907 '9 inches 
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area* As the piBton rods are each eight iaohes sectional areai and 
go through both covers, this mnst be deducted from the area of each 
cylinder. Then we shall have in even numbers — ^high pressure 

Diagram No. 4$, 




192 

cylinder 806 inches area ; low pressure cylinder 900 inches area ; 
being in the proportion of 1 : 2*941 . When the clearance, &c., — that 

IXctgram No. 4S, 
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Ib^ the whole fiilcram capacity— of each cylinder is taken into account, 
the idatiye capacities of the high and low pressure cylinders are 
fonnd to be as 1 : 2*897. The clearance and thoroughfares at each 
end of the high pressure cylinder '(being the whole Jfulcrum capa- 
city) amount to 8*785 inches in length of its sectional area. This 
being added to the, distance traversed by the piston at the point 
of cut-off, gives the measure of steam used at each stroke of the 
pistQu. The fulcrum capacity of the low pressure cylinder is 
equal to 2*785 inches of its sectional area. 

Xhe diagrams irom each end are almost identically the same for 
both cylinders. The mean point of cut-off in the diagrams from 
both ends of the high pressure cylinder is found to be one 6*5 
of the whole stroke, or 9*23 inches traverse of the piston ; and 
adding 3*785 inches — ^the amount of the ftilcrum capacity, — we find 
the meaaure of steam at the point of cut-off to be 12*965 inches ; 
and as the length of stroke is 60 inches, add 8*735 inches = 68*785 
-7- 12*965 inches, which is the cut-off, — ^so far as the measure of 
steam— will be one 4*9 or 0*204 of the total steam capacity when the 
piston has reached the end of its stroke. The mean initial pressure 
of the front and back diagrams is found to be 70ft)S above atmo- 
sphere, to which we must add 15ft)S = 85ft)S absolute initial pressure; 
and being divided by the point of cut-off, 4*9, will give the terminal 
pressure theoretically by the law of inverse ratio, at 17*84ft)S, or 
2*34ifos above the atmospheric line. Correcting this by the vario- 
thermal law, the terminal pressure would, be 15ft)S. The actual 
terminal pressure as shown by Indicator, is 18ft)s. This shows an 
initial condensation of 16*67 per cent, of the steam which has entered 
the cylinder, and which is found at the end of the stroke in the 
state of steam. Whether any, and how much more, has been con- 
densed and not re-vaporated, we cannot just now determine. 

If the actual cut-off gave only the measure of steam shown by dia- 
gram, being one 6*5 of the stroke, the terminal pressure would then 
be 13*071b8 by the law of Maeeiotte, or nearly 21bs below the 
atmospheric line. The theoretical average pressure when cut off at 
0*204, and terminal pressure 17*841bs, is 44*891bs; and deduct- 
ing 121bs back pressure — which is about the average of the 
actual diagram,— the average effective pressure will be 32'891bs, 
Now the Diagram No. 42, when measured by scale, gives an average 
pressure of 88*51bs. If the diagram, at the point of cut-off, gave the 
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whole initial measure of steam, the average pressure would then be 
higher than it is, because the fulcrum capacity which the steam 
must fill before the piston can be propelled by it, is not shown on 
the diagram. This space is shown by the faint line A, a little 
distance from the steam end of the diagram — and, if included in 
the measurement, would increase the average pressure from 33'6 to 
89*3751bs. The theoretical diagi-am, with the cut-off at one 4*9 
(0*204), the terminal pressure at 18lbs, and the back pressure 
12lbs, would give an average of 34*61bs. If the fulcrum capacity 
could be reduced to that which is required for clearance only, and 
which in this case amounts only to five-eighths of an inch, and 
shown in Diagram No. 42 by the faint line B, — ^then the average 
pressure would be 38'651bs with the same measure of steam as shown 
by diagram, with fulcrum capacity added. This shows a loss of 18 
per cent., which might be easily avoided by having the valves close 
to the cylinder. The loss here indicated is in the high pressure 
cylinder only, because the steam is equally available for the low 
pressure cylinder as though the loss had not occurred. As the 
power at 33*51bs average, with area of cylinder 306 inches, and 840 
feet per minute of piston, amounts to 105*6 I.H.P., so 38'651b8 
average will give 121'85 H.P. 

Let us now turn our attention for a short time to Diagram 
No. 48, which is from the condensing, or 'low pressure cylinder. 
There is no receiver between the cylinders, hence it is necessary to 
keep open the valves of the low pressure cylinder for a consider- 
able portion of the stroke. When these close, the back pressure in 
the high pressure cylinder begins to rise, as will be seen on reference 
to Diagram No. 42. It is necessary to understand this, otherwise 
the initial pressure in Diagram No. 48 might erroneously be sup- 
posed to be higher than the back pressure in No. 42. When the 
low pressure piston is at the end of its stroke, and its valve opening, 
the back pressure line in Diagram No. 42 is at the point marked 
with an arrow at C. At this point the exhaust valve has begun to 
close, so that the line which would correspond to the pressure 
in the pipes between the two cylinders, is disturbed. As the 
induction valve of the low pressure cylinder is now closed, and the 
pipes are charged with steam, then the pressure at the point marked 
would correspond almost exactly with the initial pressure in the 
low pressure cylinder, if the exhaust valve of the high pressure 
cylinder had not here begun to close. 
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^iie diagram here given, No. 43, is a correct representative of & 
considerable number from both ends of the cylinder, which, in their 
initial pressure, form, vacuum line, or back pressure, and average 
pressure, are almost identically the same. The cylinders — taking 
the whole steam capacity of each — are as 1 : 2-9 say ; and as the 
terminal pressure of the high pressure cylinder is 18lbs, as shown 
by Diagram No. 42, the terminal pressure in the low pressure 
cylinder by the law of Marriotte would be 6'2ft)S. The actual 
terminal pressure would be 5ifos if the exhaust valve did not open 
before the end of the stroke. The theoretical terminal pressure, 
calculated by the law of Marriotte, for the capacities of both 
cylinders, and the measure and pressure of steam used, would be 
85ft)8 -r 14*21, which represents the number of volumes to which 
the initial volume of steam will expand, = 5'981ibs, or say 61b8. 
Here then the actual terminal pressure is five-sixths of that which is 
given by the law of inverse ratio. 

If we now carry the investigation a little further, we shall find 
a still more accurate and more surprising result. Turning to the 
table of pressures, temperatures, and volumes of steam, which have 
been established by Eegnault, the celebrated French experi- 
mentalist, to whom we owe so much, we see at once the temperature 
and volume corresponding to any pressure under consideration. 
Now, as the initial pressure is 851bs absolute, and as the number of 
volumes to which the steam is expanded is 14*21, as shown above — 
and as steam of 85lbs pressure has a volume of 340, so 340 x 14*21 
=4,831, which will be the number of volumes occupied by the steam 
at the termination of the stroke in the low pressure cylinder. By 
the table, which will be found in appendix, this volume will be seen 
to correspond to a pressure of 4*751bs per inch. By this vario- 
thermal law we assume that the temperature corresponds to the 
pressure and volume here found. This gives a very close approxi- 
mation of the actual to the calculated terminal pressure, the 
difference being only five per cent., or in the ratio of 19 : 20. 
Taking the diagrams with initial pressure at 851bs, and the final 
pressure at 51bs, the ratio of expansion will be 85 -r 5 = 17. 

It is important to state that these cylinders are steam jacketed 
around the cylindrical parts, but not on the covers. The casings 
thus provided are supplied with steam direct from the boiler, in 
which the pressure is maintained at 801bs on the pressure gauge. 
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and the steam which is condensed in the casings is retomed direct 
to the boiler, — simply circulating. With these steam jackets some 
experiments have been tried, the results of which are highly in- 
teresting. One of the experiments was as follows : — ^The Engine 
was started after dinner without steam in the jackets. The steam 
in the boiler was maintained at a constant pressure. The cut-off 
valve in the high pressure cylinder was set at a given pointy and 
continued there without change. The Engine was started at 
1'50 p.m., and the steam was turned into the jackets at 1*40 p.m.^ 
and the speed of the Engine was counted at short intervals as 
under : — 

At 1*40 the speed was 83 revolutions per minute. 

„ 1-50 „ „ 85J „ 

>> 2* ,, ff 37J ,9 

M 2-16 „ „ 874 

STEAM SHUT-OFF. 

At 2-30 „ „ 86 „ 

„ 2-50 „ „ 85 

n 8*0 „ ,, 84 „ 

,, 3*20 „ ,, 33J ,, 

3-40 „ „ 33 



>» V -XV Jf f, VV )| 



The governors were disconnected during the time, and the throttle 
valve fixed wide open. •The amount of machinery was kept con- 
stant and unvarying, so that the increased speed of the Engine was 
due solely to the effect of the steam in the jackets of the cylinders. 
The experiment undoubtedly proves a gain in the power of the 
Engine ; but whether the gain be due to the greater eflBciency of a 
given quantity of steam, or to a larger consumption of steam in a 
given time, is not apparent at once, and therefore requires a fall and 
close investigation, which will be made a little farther on, when a 
few more facts have been given, in the light of which this question 
will be more satisfactorily determined.. 

The amount of steam condensed in the jackets has also been 
ascertained. The condensed water was carefaUy collected for one 
hour, and found to be djlbs weight. This is 4ilbs reduced from 
steam at a temperature of 322'' to water at 212^ Now it can easily 
be estimated what would be the amount of coal required to generate 
steam at 822° from water of 212°. We find that 4Jlbs of water in 
steam at 70 + 15 = 851bs will give 39,882 cubic inches; and as 
each stroke, according to calculations already given, consumes 3,978 
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inches, it follows that 4:^lbs wiU be equivalent to 10 strokes, or five 
revolntions of the Engine. We have seen that the Engine makes 
4^ reyolntions per minute more with steam in the jackets. Now 
4^ reyolntions per minute will give 270 reyolutions per hour ; a^d as 
the steam required to produce this is the equivalent of five revolu- 
tions; then we have 270 to 5, or a gain of 54 at the cost of one. 
This is undoubtedly true economy if all the data be correct, and 
great care has been taken to secure the correctness of them. Still, 
the small weight of water here given as the result of condensation 
in the jackets creates a strong suspicion that this is not the truth, — 
but that possibly — ^nay probably — some undetected escapement 
occurred. Whatever may be the truth in this matter, the other 
tests to which the Engine has been subjected will not be affected 
by it. 

Diagrams Nos. 42 and 48, which we have discussed at some 
length, were taken with steam in the jackets. We have taken a 
considerable number of diagrams without steam in the jackets. The 
steam was shut-off at night, and- not admitted next day until the 
diagrams had been taken. The cut-off valve had been left as work- 
ing with steam in, and when the Engine was counted the speed was 
found to be slow, and the cut-off valve had to be altered to cut-off 
later in order to get the same speed as when Dia^ms Noa. 42 and 
43 were taken. These diagrams thus taken are an interesting study, 
and show curious results. They give a total of about five I.H.P. 
more than with steam in the jackets, although exactly the sat^e 
machinery was at work. In one case 161 I.H.P., and in the other 
case 166 I.H.P. The low pressure diagrams are the same in their 
initial and terminal pressures as when taken with steam in the 
jackets. The diagrams from the high pressure cylinder are about 
51bs less in their initial pressure, and 21bs more in their terminal 
pressure, and give a slightly higher average pressure. 

This clearly proves, in two ways, greater initial condensation. 
First, with steam in the boiler at the same pressure, the initial 
pressure in the high pressure cylinder is lower. The higher terminal 
pressure shows a greater quantity of steam admitted, — the steam 
which was condensed at the commencement of the stroke having 
been more or less re-evaporated at the end gt the stroke. The low 
pressure cylinder cannot do this to the same extent without external 
aid, as the difference in temperature between the initial pressure and 



the exhanst line^ is only half as mnch in the low as in the higli 
pressure cylinder. The temperature of the steam in the high 
pressure cylinder ranges from 816° to 188°, being a difference of 
128° ; and in the low pressure cylinder from 188° to 126°, being a 
difference of 62°. It is here assumed that the temperature corre- 
sponds to the pressure for saturated steam as given in the tables of 
Begnault. As the amount of condensation is assumed to be as 
the difference of temperature of the steam at initial and back pres- 
sure lines ; and as the ratio of expansion is greater in the high than 
in the low pressure cylinder, it must be allowed that the greatest 
proportion of condensation will occur in the high pressure cylinder 
for a given area of surface, as compared with the low pressure 
cylinder, — other conditions being the same. 

There is one more noteworthy feature in these diagrams which 
merits attention. It has been already stated that without steam in 
the jackets of the cylinders, the terminal pressure in the high pres- 
sure cylinder was 201bs ; whereas, when steam was in the jackets, 
the terminal pressure was 18ft)s. Now, the noteworthy fact is this, 
— that the diagrams from the low pressure cylinder are the same 
under both conditions, the average being 6*2fi)s, and the terminal 
pressure 5ft)S absolute. The obvious conclusion to which these two 
facts lead us is, that when the casings of the cylinders are not sup- 
plied with steam, then a larger proportion of the steam which passes 
from the high to the low pressure cylinder disappears in the latter 
without performing work. This is a study of great interest and 
importance. Whatever may be the conclusions arrived at by theo- 
retical calculations concerning the isothermal, vario-thermal, or 
thermodynamic curves, the Indicator supplies the only means for 
ascertaining the actual curve or pressure of steam during the com'se 
of its expansion. 

As these diagrams represent one of the best cases of economical 
working to be found in the country on the compound (or any other) 
principle, this somewhat lengthy discussion of them the reader will 
not deem superfluous ; and it may be still further useful if we now 
compare this case with the result which would be obtained by com- 
pounding according to the law and rule of proportion given iu 
chapter on compounding. For the purpose of this comparison we 
will take Diagrams 42 and 43 as our guide, so far as the arrange- 
ment of cut-^ff; and also the dimensions and speed which liere 
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obtain. The calculations in both cases we will make on a theo- 
retical basis, so that the comparison may be absolutely exact and 
perfectly trustworthy. We will assume the same initial pressure of 
steam in the cylinder ; the same cubic capacity of steam for each 
stroke ; and the same number of expansions. The low pressure 
cylinder being the standard of power, as explained in the chapter on 
compounding, must be the same area in each case. Taking the 
diagram, No. 42, in which the cut-off is at one 6*5 or 0'15884 of the 
stroke, and adding to it the clearance of f ifos of an inch, which is 
necessary, the point of cut-off — so far as the real initial capacity, — 
will then be at one 6*2, and this we will fix upon as the basis of the 
calculation. The cylinder, as will be remembered, is 306 inches 
sectional area (available), and 60 inches traverse of piston. The 
cylinders being in the ratio of 1 : 2*9, then 6*2 x 2*9 = 17*98, 
which is the ralio of expansion, that is, the number of volumes to 
which the steam will be expanded. 

First, let us Calculate the theoretical power of a compound 
Engine, with the proportions of cylinders, &c., as above. The 
initial pressure being 85ft)S -r 6*2 = 18*71ft)S terminal pressure. 
As the capacities of the cylinders are as 1 : 2*9 ; and as we find the 
steam in the low pressure: cylinder to be cut off at 0*666 or two- 
thirds the stroke; and as two-thirds of 2*9 will be 1*93; so the 
steam in the high pressure cylinder, with a terminal pressure of 
18*71ft)S, passing into the low pressure cylinder, which, to the point 
of cut-off has a capacity 1-93 times greater, the initial pressure in 
this cylinder will be 7*llbs, and the terminal pressure 4-73lbs. 
This will give 17*98, or,say 18 expansions. Now the high pres- 
sure cylinder, with a terminal pressure of 13*71ft), and cut-off at 
one 6*2 of the stroke, will give an average absolute pressure of 
88*717ft)S ; but as the initial pressure in the low pressure cylinder is 
7 'libs, so this will be the back pressure, which must be deducted 
from 38*717ft>s, leaving 31'6171bs as the average effective pressure 
on the piston. The low pressure cylinder, with a terminal pressure 
of 4*73lbs, and the cut-off at two-thirds of the stroke, will give an 
average t)f 6*645lbs, from which we deduct 2lb8 back pressure 
(making it equal to a vacuum of 131bs), giving an average effective 
pressure of 4*6451bs. The result can now be expressed by the 
equations, 
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HIGH PSESSUBE CTLIKDEB. 

806 ino^es X 81*617Ib8 X 940 feet 



= 99-68 H,P, 



83000 

LOW FRE8SUBB CTLINPKB, 

-900 inches X 4*645 X 840 feet 



= 44-888 H.P. 



83000 
Together making = 144*018 H.P. 

The measurement of steam used to the point of cut-off in the 
high pressure cylinder was one 6*2 (or 0'1613) of 60 inches = 
9*677 inches x 806 in area = 2,961 cubic inches. 

Let us now Bee what will be the power giyen out by the 
same initial pressure of steam, the same cubic capacity, and 
the same ratio of expansion, and therefore the same terminal 
pressure,— arranged, according to the rule of proportion for Com- 
pound Engines given in chapter on compounding. The low 
pressure being taken as the standard for the power required, 
the cylinder will be 900 inches area as before. As the steam is 
expanded 18 times, the high pressure cylinder will require to be 210 
inches area, and the point of cut-off will be one 4*25 or at 14*11 
inches. This will gfre 2,961 cubic inches measurement as before. 
Then 851bs initial pressure, cut off at one 4*25, will give a terminal 
pressure of 201bs, and an average absolute pressure of 48*941bs. 
The low pressure cylinder being 4*25 times the area of the high 
pressure cylinder, and the steam being cut off at one 4*25, the 
initial pressure will coincide with the terminal pressure in the high 
pressure cylinder, and will also be the amount of back pressure there. 
The initial pressure in the low pressure cylinder being 201bs, and cut 
off at one 4*25, the average pressure will be ll*51bs. The average 
absolute pressure of the high pressure cylinder being 48'941bs -> 
201bs ac= 28*941bs, which will be the average effective pressure on 
the piston. l%e low pressure cylinder will give an average absolute 
pressure of ll'5491bs, from which must be deductive 21bs for back 
pressure, or defective vacuum, leaving 9'5491bs as the average effec- 
tive pressure on the piston. The result will now be expressed by 
the equations, 

HIGH PBESeritB CYLIN^BB. 

210 inches area x 28*941b8 X 840 feet 

= 62*616 H.P, 

88000 
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LOW PRESSURE CTLIXDBR. 

900 inches x 9'5491bs X 840 feet 

^' =88'645H.P. 



83000 



Together = 151-160 H. P. 

This arrangement here shows a better result than the former one by 
4*73 per cent. The Compound Engine from which Diagrams 42 and 
43 are taken, proves by its arrangement of cut-off, &c., to be a very 
near approach to the true law of expansion, giving, as we now see, 
95*27 per cent, of the result of the true proportion. If made according 
to the rule of proportion (see chapter on compounding), it would be 
still more economical, and the power would be more usefully and 
scientifically apportioned between the two cylinders. At present, 
as we have seen, the high pressure cylinder is giving 69 per cent, of 
the total power obtained. Now, by arranging according to the 
law of proportion, as given in rule, we not only obtain the greatest 
duty from the steam, but we get the power correctly apportioned 
between the two cylinders. In the case here last calculated, the high 
pressure cylinder gives 62*615 H.P. and the low pressure cylinder 
88*545 H.P. being for the high pressure cylinder 41*42 per cent., and 
for the low pressure cylinder 58*58 per cent, of the total power. 
When we remember that the reciprocating parts of the low pres- 
siire cylinders are always, and almost necesasrily, of greater weight 
than those of the high pressure cylinder, it is evident from a con- 
sideration of the dynamic laws discussed in the chapter on compound- 
ing, that these latter proportions are certainly the best. 

A very conclusive test has been applied in connection with the 
steam jackets of the Engine under consideration, which it is not 
necessary to do more than refer to here, as the facts are fully stated 
in the chapter on steam jacketing, to which the reader is advised to 
turn for the details. Suffice here to say, that the test is the increase 
of temperature given to the injection water, and that the saving is 
13*3 per cent, with steam in the jackets. 

One part of the case in connection with these diagrams, stated 
some little way back, requires further analysis. The question is 
that of increase of speed of the Engine when steam is supplied to the 
jackets of the cylinders. The assumed gain by increased speed 
when steam is in the jackets, is hypothetical, as the increased speed 
would presumably require a proportionately increased quantity of 
steam, and certainly would do^ if each stroke consumed the same 

o2 
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quantity as before. This, however, cannot be the case, as a larger 
measure, and still larger real quantity, is used at every stroke for the 
same speed when steam is not in the jackets ; — the difference in the 
quantity, as shown by the terminal pressure in the high pressure 
cylinder, being as 10 : 9, that is, the quantity of steam used at a 
given speed with steam in the jackets is 90 per cent, of that used 
when steam is not in the jackets. The difference of 10 per cent, 
here found at the termination of the stroke of the high pressure 
cylinder will not represent the full difference, for the following 
reasons. "Wlien the cylinder is kept hot by the steani in the jackets, 
half the internal area at the point of cut-off is thus economically 
affected, because the £eix;e of the piston and the cylinder covers are 
the same under both conditions. Obviously the initial condensation 
will be greater when the walls of the cylinder are not maintained at 
a high temperature by steam being in the jackets; and equally 
obvious is it that the re-vaporation of the condensed steam will not 
be so great. This view is still further supported by the fact, that 
when steam is not in the jackets, the lower pressure cylinder only 
produces the same initial and average pressure as when — ^being 
heated, — it receives a smaller quantity of steam. The same con- 
ditions obtaining, the same law will operate in each cylinder. 
Therefore it may be fairly concluded that a larger quantity of steam 
has entered the cylinder in this case than in the former, relatively 
to the terminal pressure. How much more cannot here be deter- 
mined. 

The increase of speed from 33 to 37^ revolutions per mmute, 
represents an increase from 87 to 100. This corresponds very closely 
with the conclusions drawn from the terminal pressure in the high 
pressure cylinder, when allowance is made as required by the con- 
siderations just presented ; and the correspondence with the result 
of the injection water test fs exact and complete. 

The gain assumed by increase of speed seems doubtful at first 
sight, because, the cylinder being at each stroke of equal capacity 
to the point of cut-off (the cut-off remaining unchanged), it would 
appear that an equal quantity of steam of a given pressure in the 
valve chest would be taken in at every stroke, and therefore that an 
increase of speed would simply represent a proportionately increased 
consumption of steam. We have here to consider a disturbing cause, 
which has an important bearing on the question before us, and 
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which sensibly affects the result. This disturbing cause is the steam 
in the jackets. When the steam is admitted into the cylinder which 
is not thus heated, a larger proportion of condensation — both initial 
and permanent — takes place than when the cylinder is heated. This 
will be clearly seen on a full consideration of the conditions. As 
the steam in expanding and producing work loses a portion of its 
heat thereby, it is necessarily condensed, and the water which is now 
in suspension in the steam — being a good conductor of heat — carries 
away with it a considerable amount of heat from the metal of the 
cylinder. When a fresh supply of steam now enters the cylinder it 
is largely condensed by contact with the cooled surfaces of the 
metal, and the rapidity with which heat is transmitted from the 
steam to the metal is in proportion to the pressure, — which is the 
measure of the activity of the atoms. The amount of initial conden- 
sation will then depend upon the quantity of heat to be supplied to 
restore the equilibrium, if the time which elapses be sufficient to 
permit this. Now, it is quite clear that, if the* internal surfaces 
of the cylinder can be maintained at a sufficiently high temperature 
by external means, then a smaller amount of initial condensation 
will certainly occur. 

From these considerations we shall be the better led to a true 
appreciation and comprehension of the question of increased speed 
of the Engine when steam is supplied to the jackets. If we suppose 
that the valve orifice is just sufficient to admit the requisite quantity 
of steam for maintaining the speed of the Engine when the cylinders 
are externally heated, than when this is not done, and an excess of 
initial condensation results, a less amount of steam will be available 
for power, and a slackening of the speed will be the consequence. By 
this more time is given for the ingress of steam, and therefore it is 
quite reasonable to suppose that as much steam is actually consumed 
for a given time as when running at the higher speed. 

Nothing has yet been said about the economy of this Engine. 
Fortunately we are permitted to give the facts of the case, which 
every reader will be happy to learn. The consumption of coal (the 
ordinary Lancashire Engine coal) is in summer 13*25 tons, and in 
winter 15*5 tons per week. If we say 14*5 tons average for the 
whole year, we shall not be overstating the case. The I.H.P. we 
have already given at 160 — 165. It has been given in the reports 
of one of the Boiler Insurance Associations at 180 I.H.P, The 
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establishment consists of a shed containing 740 looms, and other 
buildings necessary for cotton manofactaring. The taping is done 
here^ not only for these looms^ but for some which are in operation 
in !|^ another mill, — making altogether 1,000 looms. Now the 
additional 2^ tons of coal consumed during the winter half of the 
year is evidently required for keeping up the temperature of the 
rooms in excess of that which is required during the other half of 
the year. As the taping is usually allowed to require one ton of 
coal for every hundred looms, we will allow in this case half a ton, 
which will give us; for this purpose, five tons per week. We will 
estimate the consumption of coal for keeping the rooms warm, and 
maintaining the boiler fires, when the Engine is not running, 
at 2J tons per week average for the whole year. These two 
items together make 7^ tons per week. The total consump- 
tion being 14*5 — 7*5 = 7 tons per week required for power. 
Then 7 tons = 15,680ft)S -f- 60, the number of hours which the 
Engine, runs per week, = 261'881bs coal per hour, -r 160 
I.H.P., = l-6331bs coal {)er H.P. per hour. The value of the result 
here given depends upon the correctness of the estimates for deduc- 
tions, which those in the trade can estimate for themselves. But 
even if we appropriate for power 9 tons, leaving only 6^ tons for all 
other purposes to (which is inadequate), the consumption only 
amounts to 21bs per I.H.P. per hour. 

The co-efiScient of expansion in these diagrams is worthy of 
notice, being an example of efficiency and economy. The high 
pressure cylinder has an average of d3*51bs. As the ratios of 
cylinders are ds 1 : 2-9, so 33'5 -r 2*9 = ll-551bs, which, being 
added to the pressure in the second cylinder, will give 6*2 + 1 1'55 
= 17'751bs as the effective average pressure for the low pressure 
cylinder only. As the absolute terminal pressure is 51bs, therefore 
1775 -r 5 = 3'66, which is the co-efficient of expansion. Correct- 
ing this by the rule for finding the co-efficient of expansion given in 
chapter on compounding, we shall get a slightly different result. 
The cut-off, as per Diagram 42, being at 1 — 6*5, and the ratios 
of cylinders as 1 : 2*9, then 2-9 x 6*5 = 1*85 expansions. Initial 
absolute pressure 85 -r 18*85 = 4'5091bs. The actual terminal 
pressure being 51bs, the mean of the two figures will be 4'754lbs. 
Then 1775lb8 average effective pressure -r 4*754 = 3733, as co- 
efficient of expansion. 
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In connection with these diagrams we have now advanced facts 
and speculations sufScient, we believe, to deserve, and ensure, a 
careful stady. 

Diagram No. 44 was taken on the 19tfa February, 1873, fix)m 
one of the Side-Lever Engines (being the low pressure cylinders of 
Compound Engines) belonging to Messrs. Geo* Cheethax and 
Sons, Staley Bridge. It is given as an example of a good vacuum. 
Though the Engineer (Mr. Enoch Gledhill) secures at all times 
the best vacuum which his experience enables him to attain, yet this 
is the best one in his collection. Full details are here given to enable 
the reader to understand it better. 

Barometer .... =30*46 inches. 
Vacaum Gauge zi 29'6 ,, 
Diagram 14-ltbs= 28-728 „ 

Hot Well 69° temperature. 

Injection Water.. 87^ ,, 

Difference 32® „ 

The diagram is taken to the scale of lOlbs per inch. 

Diagrams Nos. 45 and 46 are from one of the Engines belonging 
to the world-known establishment of Sir Titus Salt, Baet., Sons, 
and Co., Saltaire, near Bradford. They are Beam Engines, of the 
simple (not compound) principle, in pairs of two cylinders each. 
The cylinders are each 50 inches diameter, 7 feet stroke, with a 
speed of 30 revolutions per minute, making a speed of piston of 
420 feet per minute. The valves are the Corliss, with Ikgliss and 
Speng£E*s patented improvements, and made by Messrs. HlOK, 
Habgbeayes, and Co., Bolton. The cylinders are steam jacketed, 
both around the cylindrical part and at the top and bottom, — so 
that they are entirely surrounded with steam casing, and are charged 
with steam at the boiler pressure. 

The cut-off in No. 45 is at one-tenth the traverse of the piston, 
as per diagram. The initial pressure of steam is 281bs + 15 = 
431bs absolute. At the first division of ten, where the steam is com- 
pletely cut off, the pressure is 261bs -f- 15 = 41lbs absolute, and 
this we will take as the initial pressure, on which to base our calcula- 
tions in the following analysis. The actual terminal pressure, as 
found by the diagram, is 61bs absolute, or 91bs below the atmo- 
spheric line. 

Now, the point of cut-off being one-tenth, and the length of the 
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stroke being 7 feetj = 84 inches^ then 84 -f- 10 s 8*4 incheg 
traverse of the piston at the point of cut-off. As^ however, the 
clearance, &c. (the whole of fhlcmm capacity ), is equal to one inch 
sectional area of the cylinder, it follows that the space filled wich 

Diagram No. 45, 




f 



/ 



/ 






23 



\ 



13. 5 —y 



J 



•208 
Jhagram A'o, Jfe, 




209 

steam ^hen the cut-off occurs will be 8*4 + 1 = 9*4 inches. The 
stroke being 84 inches + 1 inch = 85 inches, which will be the 
length of cylinder filled with steam when the piston has reached the 
end of its stroke. Taking the length as just found, and dividing by 
the length at the point of cut-off, we shall have 85 -r 9*4 = 9*04, 
which will be the real point of cut-off so far as the measure of steam, 
and which also will be the number of volumes to which the steam 
will expand. 

The absolute initial pressure; as already shown, is 411b8, which, 
being divided by 9*04 will give 4-537lbs as the terminal pressure by 
the law of Markiottb, or inverse ratio of volume to pressure. This, 
however, notwithstanding that the cylinders are steam jacketed, will 
not be the terminal pressure practically obtained. The vario- 
thermal pressure line is what would obtain if no other disturbing 
cause operated, and for the following reason. 

If we suppose that no condensation takes place on the ingress 
of the steam, and before the point of cut-off (this is only supposed 
for the purpose of illustration), yet condensation must result as the 
piston advances, and as the steam expands, by reason of the work 
performed. This is a law that applies to all steam which produces 
work whilst expanding. As the steam is condensed it will at 
once be more or less re-evaporated, because of the heat contained in 
the metal of the cylinder as the effect of steam jacketing. Steam, 
in the presence of water from which it is generated, has always a 
temperature and pressure corresponding. By reference to the table 
in appendix it will at once be seen that the higher pressure of steam, 
and consequently higher temperature, has a volume greater than 
that which is given by the law of inverse ratio. That the steam at 
the terminal pressure has a temperature corresponding to such pres- . 
sure is beyond doubt, because, as condensation must take place as 
the piston advances, it is clear that the presence of watery particles 
in the steam would necessarily produce such temperature. Further- 
more, there may be, and probably is, more or less condensed steam 
in the state of water, carried in suspension in the steam ; and this 
would absolutely prevent a higher terminal temperature than corre- 
sponds to the terminal pressure. Such being the case, it may be 
accepted as a law (provisionally) that the temperature will be as the 
pressure at the end of the stroke, for every degree of expansion. 

Correcting the calculated terminal pressure, as given' above by 
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the law of Maeriotte, of 4'5371bs, to the vario-thermal pressure 
line required by this latter law — and exhibited in table of pressures, 
tenif^ratures and volumes, — we shall now get a terminal pressure of 
3-8lbs per inch, and this would be the real terminal pressure if the 
sbeam at the point of cut-off was pure, without admixture of water, 
and if all that which is condensed during the remaining part of the 
stroke should be re-evaporated at the termination. As the actual 
terminal pressure is 6lbs, it is evident that the steam which is found 
at the point of cut-off, and which occupies a sectional area of cylinder 
equal to 9-4 inches, represents only 63*4 per cent, of the steam (or 
steam and water) which has really entered the cylinder at the point 
of cut-off ; or, to state it differently, of the total amount of steam 
which has entered the cylinder at the point of cut-off, 36-6 per cent. 
of it has been condensed, and the whole of this has been re- 
evaporated at the termination of the stroke. 

This proportion would be represented by 5'44 inches sectional 
area of the cylinder, in addition to the 9*4 inches of actual caprcity; 
and if represented ^aphically on the Indicator diagram, a line at 
right angles with the atmospheric line, and parallel with the 
admission line, must be drawn at a distance beyond the latter of 
0*766 of the distauce from the admission line to the point of cut- 
off or a little more than three-quarters of a division (one-tenth) of 

the diagram. 

It is more than probable that all the steam condensed is not 
re-evapprated, as will be shown hereafter, and if so, the condensation 
will be proportionately greater, than has yet been indicated. 

This diagram (No. 45) is one of the most beautiful of its kind, 
and shows a perfection of valve arrangement and valve setting, and 
general efficiency which it would be difficult indeed to equal, and 
impossible to exceed. The vacuum is almost the best attainable, 
and proves the admirable condition of the Engine. Two diagrams 
from the same Engine, which we have lately received from George 
Salt, Esq., show a vacuum of 14'251bs, — the best we have ever 

seen. 

These latter diagrams reveal a fact which greatly strengthens 

the conclusions drawn above, with regard to the condensation 

of the steam on its admission. The boiler pressure is higher, 

and consequently the initial pressure in the cylinder is higher, 

being 35-hl5=541bs absolute, and therefore the cut-off is eai'lier, as 
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we should naturally expect, when there is only the same amount of 
power to be produced. Limiting our investigation to one of the two 
diagrams (No. 46), the cut-off is shown to be at one-thirteenth of the 
stroke. As the stroke is 7 feet, = 84 inches, then 84 -7- 13 = 6*46 
inches, which is the distance traversed by the piston to the point 
of cut-off. he whole fulcrum capacity (clearance, &c.) being equal 
to 1 inch sectional area of the cylinder, then 84 + 1 = 85 inches, 
which is the length of cylinder filled with steam at the termination 
of the stroke. The traverse of the piston to the point of cut-off 
being 6*46 inches, + 1 inch sectional area for fulcrum capacity, will 
equal 7*46 inches filled with steam at -the point of cut-off. Then, 
85 inches -r 7*46 = 11*4, which will be the real point of cut-off as 
to the measure of steam, and the number of volumes to which the 
initial volume will be expanded. 

As the initial pressure is 501bs, and the number of expansions 
. 11*4, then 501bs -^ 11'4 = 4-38Glbs, which would l^o fhi» terminal 
pressure by the hiw of MAURiorTB, or inverse ratio. Jt' we now 
correct this terminal pressure to the vario-therraal pressure line, as 
in Diagram No. 45, and by the same process of calculation, we shall 
find that the real terminal pressure would then be 3'6lbs. which is 
very nearly what was found for Diagram No. 45. 

Now the actual terminal pressure by the diagram (No. 46), under 
consideration, is 6'75lbs. This will give a relatively larger initial 
condensation than in the former case. As 3*6 is to 6*75, so is the 
amount of steam represented by the length of initial capacity, 7*46 
inches, to the amount which actually enters the cylinder up to the 
point of cut-off. As 3-6 : 675 :: 53*33 : 100. 

From this we see that the volume of steam in the c)'linder at the 
point of cut-off represents only 53*33 per cent, of that which has 
really entered, and which is found at the termination of the stroke. 
This being so, then it follows that 46*67 per cent, of the steam 
which enters the cylinder up to the point of cut-off has been con- 
densed, and is then in the state of water in suspension in the steam. 
In the case of Diagram No. 45, where the real (not apparent) 
cut-off was found to be at 0-1106 — which is the reciprocal of 9*04, 
the number of expansions, — the initial condensation is 36*67 per 
cent.; whilst in this case, v;ith a higher initial pressure and an 
earlier cut-off, being at 0*0877, the reciprocal of 11*4, the conden- 
sation amounts to 46*67 per cent. Here are results of a curious and 
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finggestive character. It should be remembered that all the con- 
ditions of the cylinder^ with respect to steam jacketing, &c., are 
the same in the two cases, except one, — this one condition being the 
ratio of expansion of the steam. It is certainly extraordinary that 
the proportion of initial condensation which takes place is almost 
exactly in the ratio of the degree of expansion. Whether such pro- 
portionate condensation would obtain for every degree of expansion 
is altogether problematical. A somewhat singular feature in these 
diagrams is worth a passing notice. In Diagram No. 45 the calcu- 
lated terminal pressure by the vario-thermal law, is 3*81bs per inch. 
The actual terminal pressure as per diagram is 61bs. In the second 
diagram, with an earlier put-off, the calculated termin^,l pressure is 
3'6lbs, and the actual 6*751bs, which shows a greater proportionate 
re-evaporation. 

We are not at all sure that the fciU amount of initial condensa- 
tion is by this analysis detected, because, so far as the data which 
have been given, we only discover so much of the condensation as 
comes to be r^-evaporated, and is found at the end of the stroke in 
the state of steam, and revealed by the Indicator. When the 
cylinders are not supplied with steam in the jackets, as is sometimes 
tried experimentally, then a smaller proportion of condensation is 
detected by the diagram, and yet a much larger amount of conden- 
sation has really occurred, as is proved by other data. Diagrams 
taken without steam in the jackets, and having the same initial 
pressure, have the cut-oflf later, and therefore have a larger initial 
volume of steam, and yet the terminal pressure is just about the 
same. This being so, then, either there is a less amount of initial 
condensation, or, there is less re-evaporation. That the latter is the 
true explanation does not admit of a single doubt. If, when the 
ends of the cylinders are maintained at a high temperature by a 
supply of steam direct &om the boilers, the steam is copiously con- 
densed on its entrance into the cylinders, then it is certain that the 
condensation will be still greater when the metal is cooler. This is 
so self-evident that no one will venture to call it in question. If 
any lingering doubt should remain, we have irresistible evidence to 
prove that such is indeed the fact. 

A great number of very exact experiments have been made on 
these Engines, by Gboegb Salt, Esq., to whose courtesy we aw 
indebted for being enabled to present a variety of valuable evid^ce 
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in coDnection with thera. One notable series of experiments, con- 
ducted over a sufficiently extended period to ensure trustworthiness^ 
was to determine the difference in the economy of the Engines with 
and without steam in the jackets. Firsts the water from the con* 
densation of steam in the jackets of one pair of Engines (two cylin- 
ders) was carefully collected and weighed, during one whole week of 
59 working hours. This water amounted to three tons per day of 
10'5 hours; and to 16*85 tons for the week. During the same period 
the pair of Engines were supplied with steam from boilers which were 
disconnected from the rest, and used only for this purpose. The 
coal was carefully weighed, and the feed water was as carefully 
measured. The consumption of coal for the week was 72 tons, and 
the weight of water evaporated was l,122,6881bs, or 501*2 tons. In 
this case, the proportion condensed in the jackets^ to the whole steam 
consumed, is equal to 0*0336, or a -little more than one-thirtieth. 
This is the proportion of condensation ascertained by the data before 
us. It follows, that if with any other arrangement a greater quantity 
of steam passes through the cylinders for the same amount of power, 
and with the same terminal pressure on the diagram, then, clearly, 
sudi excess of steam has disappeared in the cylinders by conden- 
sation. 

During another entire week, the Engines and boilers were care- 
fully tested without steam in the jackets, the weight on the Engines 
being maintained exactly as before, even to the numbers being 
spun. The consumption of coal was 84 tons, and the water evapo- 
rated proportionately greater. The evaporative efficiency of the 
boilers in both cases being 6*96lbs water per 1 lb of coal. The pro- 
portion of coal and steam consumed in these cases is as 7 in the latter 
to 6 in the former case. The weight of water here amounts to 584*7 
tons per week, all of which passes through the (two) cylinders. In 
the former case, 501*2— 16*85 = 484*35 tons per week only passed 
through the cylinders. This leads to the inevitable conclusion, that 
without steam in the jackets, not only is there a greater aggregate 
consumption of steam in the ratio of 7 to 6, but also, that (584*7^ 
484*35=) 100*35 tons, being 0*1712, or a little more than one- 
sixth of the whole quantity consumed, is permanently condensed 
in the cylinders, and passes out in the state of water — not being re- 
evaporated. The ratio of condensation (ascertained) in the former 
case (16*85 tons in the jackets) is 0*0336, or a little more than one- 
thirtieth of the whole consumption. 
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The snppoBition may arise in the minds of some readers that the 
high terminal pressure, which is found relatively to the initial 
pressure and volume may be the result of leakage through the 
yalves. This condition is so frequently found to exist that the idea 
is worthy of consideration. As the diagrams at both ends of the 
cylinders are similar in all respects/ then if any leakage should 
occur, it may be presumed to be about equally distributed amongst 
all the induction valves. Diagram No. 45 has a vacuum of 13'51bs ; 
and if the atmosphere at the time of taking it should have been a 
14*7lb8, which is the average atmospheric pressure, then 14'7 — 
18*5 = l'21bs, — ^the diflference between the pressure in the cylinder 
and a perfect vacuum. 

When it is remembered that an eminent Engineering authority 
lately declared before a learned and practical body of men — the 
Institution of Mechanical Engineers, — ^that '* the steam could not be 
transferred from the cylinder to the condenser, with less than a 
difference of 21bs in pressure" (of course this is absurdly incorrect) ; 
and, the difference between the cylinder and the absolute vacuum 
will be still greater ; — remembering this, the supposition of leakage, 
if it has been entertained, will seem entirely baseless. But when 
we contemplate the more recent diagram, in which the vacuum is 
14'251bs, even allowing the pressure of th3 atmosphere at the time 
to have been 151bs — leaving only a difference of 0-751b8, — then the 
supposition is still more peremptorily dismissed. It is important to 
say, that to ensure the correctness of this last diagram, every pre- 
caution and care had been taken, — such as the exact testing of the 
Indicator Springs. One interesting, and we may venture to say, 
unique, fact, deserves to be recorded here. The same Indicator 
after taking the diagram, was immediately disconnected from the 
cylinder, and attached to the pipe leading direct from the condenser, 
when the pencil moved on the very same line, except at the com- 
mencement of the exhaust, where the deviation was only just per- 
ceptible. 

It will be interesting now to ascertain by the actual terminal 
pressure of steam, what is the weight of water in the state of steam, 
which passes through the cylinders during one week: For the 
determination of this we will take the second diagram referred to, the 
terminal pressure of which is 6*751bs, because it was taken under 
the conditions of the amount of power, steam in jackets, con* 
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fininption of coal, and evaporation of water, given above. As this 
diagram is a fair representative of the set, we may make the calcula- 
tions from it for the pair of Engines. 

The volume of steam at G*75lbs is 3,500 to ] of water at its 
greatest density. The cylinder capacity will be as follows : — 
Stroke 84 inches, 4- 1 inch fulcrum capacity = 85 inches in 
length, diameter 50 inches = 1,963 inches area. Allowing 26 
inches sectional area for the piston rod, and dividing by two, as it is 
only found on one side of the piston, we get 13 inches, which being 
deducted from the area above, 1,963 — 13 = 1,950 in area of cylinder 
available. Then 1,950 inches x 85 inches = 165,750 -f- 1,728 = 
95*92 cubic feet. As the Engines run at the speed of 30 revolutions 
per minute, then each cylinder will give 95*92 x 60 = 5,755*2 
cubic feet capacity per minute. Then 5,755*2 x 60 = 345,312 
cubic feet per hour ; and multiplying this by two we get 690,624, 
which is the cubic measurement of both cylinders in one hour. 
Dividing this by the relative volume of steam to water, we shall 
have 690,624 ^ 3,500 = 197*321 cubic feet of water. Now a cubic 
foot of water at its greatest density (39* P fahrenheit) weighs 62*4lbs; 
therefore, as 197*321 x 62*4 = 12,312-831bs, this will be the 
weight of water pei* hour, which leaves the two cylinders in the state 
of steam. The weight of water per week will thus be 12,312*83 x 
59 hours = 726,4571bs of water per week. To this amount must 
be added that which was ascertained to have been condensed in the 
jackets, 16*85 tons = 37,744lbs + 726,457 = 764*20 libs. 

The water evaporated by the boilers which supply only these 
cylinders being, as shown above, l,122,6681bs per week, there is 
manifestly a deficiency of 358,487 lbs, which amounts to ;i2 per cent, 
of the total evaporation of water. This is the proportion missing of 
the total evaporation ; but ia order to ascertain the proportion which 
disappears in the cylinders it will be necessary to present the factors 
above in a different order. As the total evaporation is l,122,6881b8; 
and as the amount passing through the jackets is 37,7441bs ; then 
1,122,618 — 87,744 = l,084,9441bs will be the weight of water 
which passes through the cylinders. Deducting from this the factor 
found above, we shall now have 1,084,944 — 726,457 = 358,4871bSf 
which is the weight of water carried out of the cylindera in sus- 
pension in the steam — constituting 33 per cent, of all that enters. 
The weight of steam (that is in the gas3ous state; passing out of the 
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cylinders, as shown by the diagrams, constitutes 64*7 per cent, of 
total amount evaporated. Where has this large proportion of steam 
and water gone? Assuming the data to be correct (and every care 
and precaution have been exercised to ensure this), then the 
inevitable conclusion presents itself, that the steam has been 
abundantly liquefied in the cylinders, and that, notwithstanding 
the steam jacketing and consequent large re-evaporation, yet this 
large proportion — 32 per cent. — is in the state of water in sus- 
pension in the steam immediately before leaving the cylinders. 
From this last conclusion proceeds another. 

As, without steam in the jackets, there is a larger .consumption 
of steam in the ratio of 7 : 6, the weight of water evaporated per 
week (of 59 working hours only) being l,309,8031bs; and as the 
whole of this must pass through the cylinders ; and as the same 
pressure of steam only is found at the termination of the stroke ; 
then 1,309,803 — 726,457 = 583,346lbs, which will be the weight 
of water in suspension in the steam just before it passes into the 
condenser, and which in this case constitutes 44*54 per cent, of the 
total evaporation ; or, the steam detected by the Indicator is only 
55*46 per cent, of all which has been generated, and which has 
passed into the cylinders. The result of the analysis just made 
may now be usefully presented thus : Of the whole of the water 
which is evaporated in the boilers when the Engines are working 
under the two different arrangements, the proportions found at the 
end of the stroke are, 

With Steam in the Jackets 647 per cent. 
WUhmt^o, do. 65-46 „ 

The difference, amounting to 14*3 per cent., or in the ratio 
of 7 : 6. 

If we were now able to ascertain the actual weight of water and 
steam which passes into the condensers, we could then see the value 
of the above calculations. As they are surface condensers, and as 
all the steam is condensed and kept separate from the water which 
serves for the purpose of condensing, then this datum might possibly 
be obtained. 

There is one feature in these diagrams not yet noticed, but 
which we shall treat in the chapter on compounding ; that is, the 
co-efficient of expansion, or the proportion which the absolute 
terminal pressure bears to the average effective pressure. 



217 

We will now return to the question of initial condensation in the 
cylinders. Three different data have been given by which to 
ascertain the quantity of steam. First, the initial volume in the 
cylinder ; second, the terminal volume ; third, the weight of water 
evaporated, and consequently, weight of steam generated. By the 
first and second data we ascertained that the initial condensation 
relatively to the weight of steam found in the second, was — 

With Steam in the Jackets 36*67 per cent. 
Without do. do. 46*67 do. 

The quantity found by the second datum, relatively to the whole 
amount which entered the cylinders, was — 

With Steam in the Jackets 67*00 per cent. 
Without do. do. 55*46 do. 

The final conclusion with regard to the initial condensation can 
now be presented. By taking the ratio which the first datum bears 
to the second, and the second to the third, we find that the total 
initial condensation (which is the proportion of water held in suspen- 
sion in the steam at the point of cut-off) will be — 

With Steam in the Jackets 57*56 per cent. 
WitJumt do. do. 65*32 do. 

This is truly a startling conclusion ; but if the data be correct, then 
it is inevitable. 

One more fact is worthy of record. In some of the diagrams 
taken from these Engines, the initial pressure in the cylinders is 
found to be within half-a-pound of the boiler pressure for the time 
being. 

Diagrams Nos. 47 and 48 are treated at such length in the 
chapter on compounding, that it would be altogether superfluous to 
say much here. They are from a Compound Engine with cyhnders 
horizontal. The high pressure cylinder is 26 inches diameter, and 
the low pressure cylinder is 46 inches diameter, each 5 feet stroke of 
piston, and running 48 revolutions per minute, the cracks being 
placed at right angles one with the other, and therefore one piston 
is in the middle when the other is at the end of the stroke. 
The valves are of the long slide kind, and there are separate inlet 
£2 
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and outlet valves : the latter being underneath. The high pressoie 
cylinder has a back slide cut-oflP valve. There is a receiver between 
the two cylinders^ of about the capacity of the smaller one only, and 

Diagram No, 47* 




f '7 
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a pipe of very moderate dimensions; hence the greater back pressure 
in the middle of the stroke in the high pressure cylinder. The high 
pressure cylinder was formerly one of a pair^ of equal dimensions, 
and were then worked as a pair of Simple Engines. Diagrams 18 
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and 14 are trom one'of these cylinders^ when thus working. The 
boiler pressure was then, and still is, about 751b8« For farther 
information coiiceming these diagrams and Engines, the reader is 
referred to the chapter on compounding/ 

Diagram No, 




CHAPTEE X. 



C M P^O U N D I N G. 

nnHE principle and' practice of working Engines Compound may 
"*- traly be said to have been contemporaneous with the growth and 
development of the Steam Engine; for a Compound Engine, 
invented by Hornblower, was patented in 1781, just one year 
before any Steam Engine was made which gave a direct rotary 
motion by the arrangement of the crank and fly-wheel. Since that 
time Compound Engines have been made and used rery extensively, 
though the number^is only small in comparison with Simple Engines. 
During recent years the Compound Engine has been rapidly growing 
in favour because of the practical advantages derived firom it, — 
enabling, as it does, owners of Engines of weak form and construction, 
by the application of a smaller cylinder for high pressure, to work 
the steam more expansively than would have been practicable with 
the one cylinder already in use. Great numbers of new Engines are 
also'made on the compound plan — of various forms and proportions, 
as will hereafber^be described. 

It is still a moot point, amongst Engineers of the highest 
authority, whether the Simple Cylinder Engine, or the Compound 
Cylinder Engine is the more economical, — many eminent men being 
ranged on each side. The general experience of Engineers however, 
favours the adoption of the Compound Engine, because it is almost 
invariably found to give better results ; but by what laws this fact 
may be accounted for, has not hitherto been satisfactorily deter- 
mined. The question of compounding has been so far a mysterious 
and unsatisfactory study to the Engineer. The proportions of 
cylinders ; their relative positions ; the relative positions of the 
cranks and pistons ; the positive and comparative amount of expan- 
sion in the high and low pressure cylinders ;-:-these are questions 
which have hitherto^been involved in the deepest obscurity. 

In Compounding an Engine already in use the design will be 
governed greatly by the particular circumstances of the case. It 
would be impossible to give any general instructions which could be 



221 

nnirersallj applicable. The variety of arrangements is so great as 
almost to baffle description. There is first, the Beam Engine with 
two cylinders to one beam — Hoenblowbe's, — generally called 
Woolf's plan, which has the cylinders close together at one end of 
the beam ; the high pressure one being nearest to the beam centre, 
and as close to the low pressure cylinder as possible, so that the 
stroke of piston of the former is a little less than that of the latter, — 
ranging from three-fourths to four-fifths. The next,, and best known 
plan of Beam Engine compounding, is the one originally patented 
by Messrs. Eobkrtsons, and afterwards re-patented by Mr. Wm. 
McNaught, and now almost universally known by the term 
*'McNaughted Engine.*' Indeed, so much is this term used in 
reference to compounding, that "compounding'' and "McNaught- 
ing " are, with numbers, ignorantly supposed to be synonymous. 

Sometimes two Beam Engines coupled together (that is a pair) 
are worked on the compound principle ; the smaller one receiving 
its steam direct from the boiler, and thence passing into the large 
cylinder. Another very common plan of compounding is to have 
a pair of vertical Direct-acting Engines, with the fly wheel overhead, 
and a crank at each end of its shaft, — the cylinders being of the 
same length, but of different diameters. Still more common is the 
Horizontal Compound Engine, arranged on fhe same general 
principle as the last named. 

There is also the Horizontal Compound Engine with the two 
cylinders in one line, but with some space between them, — the 
piston rods in some cases being jointed between the cylinders, so 
that the two pistons can be disconnected. Some Engines on this 
plan have the low pressure cylinder nearest the crank. Some of 
them are made with the air pump direct-acting horizontal—being 
indeed a continuation of it ; and some with an L leg connected with 
the slide at the end of the piston rod at the back of the cylinder. 
Others are made with the air pump working parallel with the 
cylinder, but underneath, or at the side, a little below .the level of 
the cylinder. 

Then again, other Horizontal Compound Engines are made with 
the high and low pressure cylinders cast in one — being in one line, 
— the smaller cylinder being placed nearest the crank, and the 
larger cylinder having two piston rods passing outside the smaller 
cylinder, and being in the same plane as the high pressure piston 
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rod, and all the three being attached to one eross-head. The air 
pump is worked bj an L leg connected by links to the cross-head, 
or by a connecting rod attached to the crank pin oatside the con- 
necting rod proper. This arrangement of cylinders has been 
practiced many years in Marine Engineering, and has daring recent 
years been adopted in Engines for manufactnring concerns. 

Another form of Direct-acting Compound Engine is that which 
now prevails in the large ocean steam ships. This arrangement 
consists in placing the larger cylinder vertically over the crank, and 
fixing the smaller cylinder on the larger, — the piston rod being in 
one piece, and passing through the low pressure cylinder into the 
high pressure one. There is invariably a pair of these in every 
steam ship where this class of Compound Engine is used, — many of 
them having the low pressure cylinders 96 inches diameter, and the 
high pressure cylinders 64 inches diameter each, with a stroke of 
piston of 5 feet, and running at a speed of 50 revolutions per 
minute, — being a speed of piston of 600 feet per minute, which is 
maintained day and night during the voyage of several thousand 
miles. Some vessels lately built have this class of Engines with low 
pressure cylinders 120 inches diameter, and high pressure cylinders 
72 inches diameter, with a stroke of 5 feet 6 inches. These are 
amongst the largest Steam Engines ever made. 

Next to be mentioned are the many varieties of ways of com- 
pounding Beam Engines other than the plans already described. 
The usual arrangement of the old make of Beam Engines is to 
have the fly wheel placed close by the wall, and its shaft continued 
through, with a spur wheel on the other side. It is now quite a 
common plan to place a horizontal, or slightly diagonal high pres- 
sure cylinder alongside this wall, and have a pin for the connecting 
rod fixed in the spur wheel at the proper radius. Or, if the spur 
wheel be close to the fly wheel, as is frequently the case, then a 
crank may be put on the end of the shaft instead of making the 
spur wheel serve the purpose of a crank as just described. 

Another plan of compounding Beam Engines is to place the high 
pressure cylinder on a level with the crank, but at the opposite end 
of the e'ngine house to the beam cylinders — the high pressure 
cylinder, as will be obvious, being horizontal, and its connecting rod 
attached to the same crank pin as is the connecting rod of the 
Beam Engine. 
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Many Beam Engines haye been oomponnded by placing atl 
oscilating cylinder in the position of the fixed horizontal cylinder 
just described, because sufficient room was not available for slides 
and connecting rod. 

A Componnd Engine which has. been patented recently, and one 
of which has been erected in the neighbourhood of Haddersfield, 
deserves to be mentioned as an example of Engineering science in 
these days of scientific knowledge. The Engine referred to has 
three cylinders, — one high pressure, and two low pressure ones. The 
two low pressure cylinders are each single acting — are placed in one 
line^ — so that one connecting rod serves for both pistons, and the 
outer end of each cylinder is open to the atmosphere. The patentee 
claims that by this arrangement he utilizes the pressure of the 
atmosphere, and thereby secures economy greater by such atmo- 
spheric pressure than can be obtained by one low pressure cylinder 
double acting. That men — and manufacturers too — can be led to 
believe such a st&tement, is the clearest possible proof of the neces- 
sity for the diffusion of a knowledge of the Steam Engine, and the 
laws involved in the working of it. Anything more absurd and 
childish than the claim advanced on behalf of this arrangement it 
would indeed be difficult to conceive. 

In all the plans of compounding so far noticed, the pistons of 
the high pressure and low pressure cylinders have had a rigid con- 
nection, and beat at the same intervals of time, though not always 
simultaneously. There is still another class of Compound Engines 
extensively used, which consists of separate Engines, either singly 
or in pairs, and running either the same number of revolutions per 
minute, or having the High-pressure Engines running two or three 
to one of the Low-pressure Engines. In this arrangement the high 
pressure cylinders are almost invariably horizontal; and as in- 
variably coupled by gearing with one or a pair of Beam Engines. 
It will be obvious that with this plan the high pressure cylinders 
will be some distance from the low pressure cylinders ; and that the 
capacity of the pipes whicH convey the steam from the high to the 
low pressure cylinders, if of sufficiently large diameter, will usefully 
serve the purpose of a receiver. This, in addition to the fact of- the 
High-pressure Engines making two or three revolutions for one of 
the Lowrpressure Engines, will so equalize the back pressure, that 
diagraons from the High-pressure Engine will show a parallel line. 



provided that the exhaust yalves be properly set^ and the ports 
sufficiently large. 

It is important to notice here, that the initial pressure in the 
condensing cylinder should coincide, ol* nearly so, with the back 
pressure in the high pressure cylinder, unless too much condensation 
be taking place in the pipes, or some of the passages be too small to 
permit the free passage of the steam from one cylinder to another. 
All pipes, or steam vessels of any kind, through which the steam 
passes from the high to the low pressure cylinder, should be well 

m 

covered with some good non-conducting material. 

The arrangements above enumerated embrace all the best known 
types of Compound Engines, though there are many other variations 
in detail which it would be too tedious to particularise. In the 
arrangement of Compound Engines in which the cylinders have 
each a separate crank, but fixed on the same fly wheel shaft, and 
therefore having the pistons beating at the same intervals of time, 
a very knotty and much contested point has been, as to what angle 
the cranks ought to be placed relatively to each other. This will 
be best determined by the particular circumstances of each case. 
Where the two cylinders are cast in one, or are placed as near 
together as possible, side by side and parallel with each other, and 
where the steam passes direct from the high to the low pressure 
cylinder, and has only the distance from cylinder to cylinder to 
traverse, — then the cranks should be placed at nearly opposite points, 
the low pressure crank leading by one-twelfth or one-tenth of the 
stroke, because the exhaust valve of the high pressure cylinder should 
open when within that distance of the end of its stroke, and the low 
pressure cylinder should necessarily be ready to receive the steam. In 
Engines having the cylinders in parallel lines, but several feet apart, 
and where the exhaust steam from the high pressure is conveyed, to 
the other cylinder by one pipe — as is invariably done, — the circum- 
stances are so much changed, that the cranks may be placed at other 
angles. With a receiver between the cylinders, it would undoubtedly 
be best to have the cranks placed at right angles one with the other, 
as it would give greater regularity of motion to the machinery, — 
which is always a desideratum. 

The theory of the Compound Engine in relation to the law of 
expansion, and the comparative efficiency and economy of the Simple 
and the Compound Engine has not yet been discussed. We will now 
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ezftmine this part of the subject in its yarious phases^ and show what 
are the principles involyed, and what are the conclusions to be drawn 
firom them. We will also show how to determine the proportions 
which should exist between the high and low pressure cylinders^ in 
Older to obtain the greatest effective energy of the steam. These are 
questicmB of the highest importance in Steam Engineering. 

l^eoretically, there is no difference in the expansive power of a 
given quantity of steam, of given initial and terminal pressures, 
whether it be effected in one or two cylinders, — ^provided that the 
Compound Cylinders be correctly proportioned, &c., as will hereafter 
be shown ; otherwise a positive loss will result from compounding. 
The theoretical advantage is greatly in favour of the Single Cylinder 
Ihigine, in comparison with nearly all the Compound Engines now 
in use; practically, however, there is a decided advantage in the 
compound principle when applied to most of the Engines now work**- 
ing. The advantage derived from the^principle of the Compound 
Ihigine is chiefly this : It is a mechanical arrangement whereby the 
extremely variable pressure of the steam is more equably distributed 
through* the revolution of the crank, when a high degree of expansion 
is obtained. 

If a very high degree of expansion should be attempted in one 
cylinder — ^as Engines are usually made, — the results would be dis- 
astrous. Suppose, for instance, that we have steam of 1201bs initial 
presiftire (1051bs x 151bs vacuum = 1201bs) expanded to 7'51bs 
terminal pressure, which is 7*51bs below the atmospheric line (as- 
suming the atmosphere to be equal to Idlbs per inch, = 30*56 inches 
of mercury). Thus we shall have 120 -f- 7*5 = 16 ; that is, the cut- 
off will be at one-sixteenth of the stroke. Practically it would be 
much earlier than one-sixteenth of the traverse of the piston to 
give the requisite measure of steam, because there is the clearance 
of piston and the capacity of ports and thoroughfares — tlie vhole 
fdlcrmn capacity — ^to fill ; and if this space be added to one-six- 
teenth of the actual traverse of the piston, the terminal pressure 
would th^n be higher than 7*51bs, as given above, by the proportion 
which such fulcrum capacity bears to that given by the traverse of 
piston to the point of cut-off— basing the calculation on the law of 
Mabbiotte. We will suppose the cylinder to be 800 inches area, 
and the piston speed to be 500 feet per minute. Then 120lbs per 
inch initial pressure, minu^ 21bB back pressure (= 131bs vacuum) 

f2 
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will giye llSlbs per inch effective initial pressure on the piston. 
Then the area of piston being 800 inches x llSibs pressure = 
9.4,4001bs, which is the pressure on the piston when the crank is 
on the dead centre. This enormous pressure (nearly 42 tons) is 
brought suddenly on the piston ; and unless all the reciprocatiiig 
and other parts of the Engine be of a commensurate weight and 
strength, the yiolent and useless pressure on the crank pin and crank 
shaft journal, when on the dead centre, will be mischievous, as may 
be easily seen. 

Let us now see what would be the corresponding effect of ex- 
panding steam to the same degree in two cylinders compounded. 
For 1201bs initial pressure, and 16 expansions^ we will assume the 
high pressure cylinder to be one-eighth of the area of the low 
pressure cylinder, and of the same length, so that the high pressure 
cylinder will be 100 inches area, and the low pressure cylinder 800 
inches area, as in the Single Cylinder Engine ; and we will use the 
same measurement and pressure of steam as before. As the cut-off 
in the single cylinder was one-sixteenth of the stroke ; and as the 
high pressure cylinder of the Compound Engine is one-eighth the 
area of the low pressure ; then, by cutting off at half stroke in the 
high pressure cylinder, exactly the same measurement of steam has 
been used. We shall now have 120ft)S initial pressure, cut off at 
half stroke = 60ib8 terminal pressure in the high pressure cylinder. 
If we now cut off the steam in the low pressure cylinder at half 
stroke^ then it is evident that the steam of 601fos terminal pressure 
in the high pressure cylinder must now pass into a space of four 
times the capacity of the high pressure cylinder^ and therefore the 
pressure will be reduced from 60ft)S to 15ibs— or from 451bs above 
the atmosphere to the atmospheric line, — ^thus giving a back pres- 
sure on the high pressure piston of 151fos, or simply atmospheric 
pressure. Then with 15ft)S in the low pressure cylinder, cut off at 
half stroke, the terminal pressure will be 7*5]bs as in the case of the 
Single Cylinder Engine just considered. 

Now let us see what will be the pressure on the crank pin at (be 
commencement of the stroke, assuming the two cylinders to be in 
one line, and therefore the total effective initial pressure on both 
pistons communicated through one connecting rod^ and to one crank 
pin. The high pressure cylinder, with an area of 100 inches, and 
1201bs initial pressure, minus 151bs back pressure = 1051bs effective 
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initial pressrire. Then^ 1051bs x 100 inches area = 10,5001bs on 
the high pressure piston. Low pressure cylinder = 151bs initial 
pressure — 21bs back pressure = 131bs effective pressure on the piston. 
The area of the low pressure cylinder being 800 inches x ISlbs = 
10,400lbs. Here, then, we find that the total initial effectiye pres- 
sure on both pistons amounts to 20,9001bs ; whereas, in the single 
cylinder with the same pressure of steam, and an equal degree, of ex- 
pansion, the pressure on the piston amounted to 94,400lbs, or more 
than 4^ times the amount of the pressure on both the pistons of the 
Compound Engine. If the pressure on the pistons of the Compound 
Engine had been distributed through two cranks, as is commonly 
done, then the difference between the single cylinder and the Com- 
pound Engine would be still greater in respect to the amount of 
pressure on the crank pin. 

Let lis now see what would be the pressure on the crank by 
cutting off the steam in the high pressure cylinder as before, at 
half stroke, and in the low pressure cyUnder at quarter stroke. 
Then the high pressure cylinder with 1201bs initial pressure, cut off 
at half strokcj will give 601bs terminal pressure. The low pressure 
cylinder being eight times the area, and cut off at one quarter stroke, 
will equal twice the capacity of the high pressure cylinder, which the 
steam must fill in passing from one to the other, and therefore the 
terminal pressure of GOlbs in the high, will be reduced to 30lbs in 
the low ; which being cut off at one-quarter stroke, will give 7'51bs 
terminal pressure.* We shall now arrive at the following result: 

High pressure Cylinder = 120 — 30 =: 901bs 
Low ditto ditto =30- 2 = 281bs 

High pressure 901bs X 100 inches area zz 9,0001bs 
Low ditto 281bs X 800 ditto == 22,4001bs 



Total pressure on both pistons z: 81,4001bs 

It will be seen that by merely changing the point of cut-off in 
the low pressure cylinder from one-half to one-quarter stroke, the 
effective initial pressure on the two pistons has been increased in the 
ratio of two to three. 

Sufficient has here been said to enable the reader to understand 
this part of the subject. 

We will now calculate the comparative power of Simple and 
Compound Engines, the latter variously proportioned, and as com- 
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inonly found workiBg. Let ufl fiist take the Simple Bogine (diigle 
cylinder)^ and adopt the dimensione already given, — Bay 800 inehes 
area, and 500 feet per minute speed of piston. We will also take 
the same initial pressure as before, 105 + 15 = 1201hs absolnte 
prtssure. Now, 1201bs initial pressure, cut off at one-sixteenth, = 
7'51bs terminal, and 28'29lbs average pressure ; and deducting 2lbB 
back pressure (= 181bs vacuum), the average effective precvuie cm 
the piston will be 26-291bs. Then— 

800 inclies X 26*291b8 X 500 feet 
= 318-664 .H.P. 



38,000 



Let us now calculate what will be the power given by a CJompound 
Engine using the same quantity of steam at the same pressure. Let 
the low pressure cylinder be 800 inches area, as before, and the hi^ 
pressure cylinder 100 inches area, being one-eighth of the area of the 
low pressure cylinders, which is a very common proportion now in 
use for such pressure of steam. Let the steam be cut off at half 
stroke in each cylinder. The high pressure cylinder having 1201bB 
initial pressure, and being cut off at half stroke, will give 601b6 
terminal pressure, and 101*581bs average pressure. As the steam 
must now be transferred to the low pressure cylinder, where it is cut 
off at half stroke, its volume will be increased four-fold, and its pres- 
sure reduced in the same ratio, so that We shall now have ^Ibs -f- 
4 ss 151bs initial pressure in the large cylinder, which, being out off 
at half stroke, there will be a terminal pressure of 7'51bB, and an 
average pressure of 12*69751bs. As the initial pressure in the low 
is 151bs, so the back pressure in the high pressure cylinder will be 
151bs also. The result may now be stated thus : High pressure 
cylinder 101*581bs — 151bs back precfsure = 86*581bs average effec- 
tive pressure; low pressure cylinder, 12'.69751bs — 21bs back 
pressure = 10'69751bs average effective pressure on the piston. 

HIQH FBXSSUBX CTLINDSB. 

, Area, 100 inclies x 8.6-681b8 X 600 feet 



38,000 



= 131'18H.P. 



LOW FBSSSURB CTLIKDEB. 

Area, 800 inches X 10'69751bs X 500 feet 

=z 129-66 H.P. 



33,000 



Total of both cylinders :^ 260*84 H,P. 
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M 260-8* : disym :: 81*^5 : lOO. Tim we find \bfitjs^ 

.^ .aboye p^porj^cms of oyUnd^, tbe totf^ po^rar ct Jibe C^m- 
PQimd ik^giqa Is only Bl\85 per oent. of that of, the Simide Ea^fpx^, 
with exactly the same qnantity and preiisure of .^t^am. 

Let OB now aso^rtain what would be the amomit of power with 
the same initial pressiue of steam, and the same dimensiona ,of 
Qjlioders^ tat having the steam maintained at a uniform pressnie 
tbrqiighoiit in each, cylinder. Now we shall have 1201hs pressuife 
€ixpaii4ed Into a cylinder of eight times the capacity = 151bs pi:es- 
snre in the low pressure cylinder, and this will also be the ba(^ 
pressure in the high pressure cylinder ; this being deducted from the 
absolute pressure of ISOlbs = 1051bs effective average pressure. 
Allowing a baojc pressure of 21bs in the low pressure cylinder as 
before^ we shall have 15 — 2 = ISlbs average effective pressure on 
the piston. The result will 'be as follows — 

HIGH PRKS8PBB CYLINDBB. 

Area, 100 inches X lOfflbs X 500 feet 

• : = 169-09 H.P. 

88,000 

Aiea, SOO inches X ISlbs x 500 feet 

- — '■ : — = 157-67 H.P. 



88,000 



Total of both cylinders =.816-66 H.P. 

In this case. double the quantity of ifteam has b^ i^ that jras 
.fised in any of the cases previously giv^, and yet a lefifs calcu];^ 
fipjver^been obtained than was found to be giv^ by the JBjiipple 
l^^gine c^Epaqdmg 16 times. 

We have i^ready seen what is tb^ power devei^9ped hj a iQom- 
pqund Ezigine with 1201b6 ^initial prefKHi];e, imd 7'51b8 tenniaal 
pressure = 16 .^pansions, tixe ratios of cylinders being as 1 .: :9, 
,and the steam cut off at half stroke in each case. Let us now see 
what will be the result of iisijQg steam at 60lb6 initial prepsure^ luid 
7'&lbB terminal pressure = 8 expansions^ with tl^e same cylinders, 
7-rthe .steam in the high pressure cylinder beii^g keipt on at Ml 
pleasure durii[ig the whole stroke^ and cut off in the low pressure 
cylii][der at half jf^troke. As the terminal pre^ure in the high {kt^s- 
sure is 601bs, and as it must thence pass into tl^e low pi^ssure 
cylinder of eight times the capacity, but in which it is cut off at 
half stroke, it will equal four times the capacity of the high fijuf^^re 
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cylinder^ and will therefore have a pressure of 60 -f- 4 = 151bs to 
the point of cnt-ofT, and a terminal pressnre of 7'51bB. The initial 
pressure in the low pressnre being 151bs^ the back pressnre in the 
high pressnre cylinder will also be ISlbs. 

The high pressure cylinder will hare an average effective pres- 
sure of 451bs (60 — 15 = 45); and the low pressure cylinder with 
an initial pressure of 151bs, and cut off at half stroke, will have an 
average of 12'69751bs; and deducting 21bs back pressure^ the 
average effective pressure on the piston will be 10'69751bs. The 
result for comparison with the other cases can now be presented. 

HIGH FBESSURE CYLINDEB. 

Area, 110 inches X 451bs X 500 feet 

; = 68-18 H.P. 

33,000 

LOW PEESSFBE CYLINDER. 

Area, 800 inches X 10 -69761^8 X 500 feet 

= 126-63 H-P. 

33,000 



Total of both cylinders z= 194-81 H-P. 

This gives 61 per cent, of the power developed by the Simple 
Engine (single cylinder) with 120lbs initial pressure, and 16 ex- 
pansionsy and yet the same quantity of steam has been used in each 
case. 

The cases above given show clearly the extremely variable 
results which may be obtained from a given quantity of steam^ 
and also by a given amount of expansion. The variation in 
practice is even greater than these suppositious cases. The calcula- 
tions show the supreme importance of the proportions and arrange- 
ments of cylinders of Compound Engines. Most Engineers have 
so far been groping in the dark, with no true principle to guide 
them ; hence we have such immense diversity in practice — ^ranging^ 
in the proportion"of cylinders from 1 to 1 (equal capacity) to 1 to 
10, with every intermediate proportion between these two extremes 
— all which proportions we have seen actually at work.* The 
knowledge of a true principle in Compounding Engines has long 
been much wanted to enable all who are adopting them to know 
exactly what is best to be done to obtain the highest duty from a 
given amount of steam. 

* A case has come to (or knowledge in which the cylinders of a Compound Engine are in the 
raUoofl-.lli. 
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We have seen that Componnd Engines do not at present give the 
theoretical duty of Simple Engines with the same initial and 
terminal pressures. The law of proportion has now been determined 
by onr Mr. Wm. Sutoliffb, by which the Componnd Engine 
will give, the same theoretical duty as the Simple Engine — that is, 
according to the law of Mabriotte, on which onr theoretical 
calcnlations are usually based. 

We will now give the rule founded on the law of proportion just 
named, by which Engineers in all future time will be able at once 
to determine the exact proportions of cylindera, &c., required in 
every case. 

RULE FOR FINDING THE PROPORTION OF 
CYLINDERS AND THE POINT OF CUT-OFF FOR COMPOUND ENGINES 

0]? TWO CYLINDERS. 

Ascertain the initial and terminal pressures at which it is intended 
to work the steam. Then divide the initial by the terminal pressure, 
and the quotient will be the number of times which the steam has 
been expanded. Then get the square root of the number of ex- 
pansions ;* and as the root is to the square, so must be the area of 
the high pressure cylinder to that of the low pressure cylinder. 

Then, again ; as the root is to the square, so must be the point 
of cut-oflF in each-cylinder. 

This will be found in all cases to give the required degree of 
expansion ; and also to give the highest aggregate effective pressure 
— therefore the best attainable results. Furthermore, it will give 
an equal absolute initial pressure on each piston — the difference in 
the effective initial, and effective average pressures, being found by 
multiplying the number of pounds back pressure in each cylinder by 
its area in square inches. 

We will now give an illustration of cylinders and diagrams based 
on this law of proportion, with the calculations which prove the 
accuracy of it, — ^making it clear to Engineers who understand 
theoretical diagrams. 

A short explanation will be desirable in order to make this 
illustration clearly intelligible to everyone. 

r 

* The square being the number of expansions. The expression " Number of Expa sions/* 
whenever used in this work invariably means the number of volumes to which a given initial 
volume of any given pressure is, or may be, expanded by the law of inverse ratio of volume to 
pressure. 
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Of the eBclosing lines, the inner and fainter of th^m repreoent 
the relative diameters of the two cylinders of a Compound Engine, 
the areas of which are in the ratios of 1 : 4^ being the proportions 
given by rule for 16 expansions, as will be found in column H in the 
table on compounding, which will be given hereafter. The various 
parts of this illustration will most easily be understood by keeping 
in view column H just referred to. 

Letter A in the illustration shows the steam line, or initial pres- 
sure in the high pressure cylinder, which is here 126lbs, — being to 
a scale of SOlbs per inch ; B is the expansion line ; and as the 
steam is cut ofp at one quarter of the stroke, the terminal pres- 
sure, is 80ibs. represents the back pressure, which is also 801bs. 
D represents the atmospheric line in the high pressure cylinder. 
E represents the initial pressure in the low pressure cylinder as 
a continuation of Uie terminal pressure in the high pressure cylinder, 
and on the same scale of SOlbs per inch. F represents the ex- 
pansion line, an^ G- the line of absolute vacuum on the same scale. 
H represents the steam line or initial pressure in the low pressure 
cylinder, — being to a scale of lOfcs per inch, as are all the lines indi- 
cated by the remaining letters. I represents the expansion line in 
the low pressure cylinder ; and as the initial pressure here is 301bs, 
and the cut-ofP one-fourth, the terminal pressure is 7*5 lbs. J repre- 
sents the line of absolute vacuum in the low pressure cylinder. E 
represents the atmospheric line, and L the back pressure line, which 
is Idlfos below the atmospheric line. 

As the cylinders are in the ratio of 1:4; and as the cut-off in 
the latter is at one-fourth the stroke, it is evident that to this point 
it is of the same capacity as the whole capacity of the former ; there- 
fore the larger cylinder will have the same pressure to the point of 
cut-off as the terminal pressure in the smaller, — omitting here any 
loss of pressure which may occur by the passage of the steam from 
one cylinder to another, by reason of friction, smallness of ports and 
thoroughfares, &c., which will be considered a little further on. 

To produce diagrams approaching these in form, will require, as 
every Engineer knows, efficient cut-off valves ; and it will be further 
necessary to have a receiver between the cylinders; otherwise the 
back pressure in the high pressure cylinder will be very variable. 
With a receiver, of say 10 times the capacity of the high pressure 
cylinder, the back pressure there could only vary by a very small 

g2 
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amount. In the case of one corresponding to illustration, where 
the pressure between the cylinders is SOBbs, the variation will 
only be 2^868 due to compression in the receiver. If we examine 
a case of 8 expansions, and suppose the receiver to have 10 times 
the capacity of _the high pressure cylinder, then, with an initial 
pressure of 601bs, the receiver would have a pressure of 21*211bs, 
and the variations in pressure due to the cause stated above would 
be less than l^lfos. 

Every Engineer who has had much experience with Compound 
Engines knows that there is usually a difference of a few pounds in 
pressure, between the back pressure in the first cylinder, and the 
initial pressure in the second. A large proportion of such loss of 
pressure is due to causes which have been described elsewhere. 
The loss is very small in the best constructed Compound Engines. 
With eflBcient valves, thoroughfares, and passages ; with the cylinders 
steam jacketed, and with the steam in the receiver superheated, — 
it is highly probable that very little, or no fall in pressure would 
occur. 

By the rule"of proportion given, the same co-eflBcient of expansion 
is obtained as when the same number of expansions is efPected in a 
single cylinder, — and this is the highest attainable. It is clear then, 
that the superiority (if any) of the Compound over the Simple Engine 
must be determined by some other cause than merely the expansion 
of the steam. That cause yet remains in the realm of debatable ques- 
tions. The loss of power as shown above, in various proportions and 
arrangements of cylinders which give a less co-eflBcient of expansion 
than the single cylinder, or properly proportioned Compound Engine, 
is not the only loss which is often found. A very frequent source of 
loss is found in the passage of the steam from one cylinder to 
another. 

In addition to the advantages shown to result from the expansion 
of steam in both cylinders, there is another important advantage 
which is not so obvious, but which nevertheless is as real as that of ex- 
pansion, though it does not admit of such direct and simple demon- 
stration. If the reciprocating parts of an Engine had no weighty 
then we should ] equire the steam to be kept on at an equal pressure 
during the whole length of the stroke, in order to obtain uniformity 
of pressure on the crank pin. Fortunately, this is not so, or we 
should not be able to obtain, to the same extent, the benefit of the 
law of expansion. 
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When the piston is at the end of the stroke it is iri a state of rest, 
and the inertia of this state of rest has to be provided for. The 
amount of pressure required for this purpose will be determined by 
the weight of all the reciprocating parts, and the acceleration of speed 
which is to be given to them. The laws of inertia equally require 
that the fall propelling power should not be continued past the 
point of highest velocity in any case where the speed is considerable, 
or even moderate. The greater the speed of piston, and^the weight 
of the reciprocating parts, and the less will be the danger of high 
pressure and early cut-off, because the pressure of steam required to 
overcome the inertia of rest, will relieve the pressure on the crank 
pin at the commencement of the stroke, and add to the pressure there 
during the latter part of the stroke, when the pressure of steam is 
low ; and if the reciprocating parts be of commensurate weight, the 
impulsive and momentive forces may be approximately balanced 
throughout the stroke, but only within a very limited range of 
expansion. From the laws of motion it follows that whatever 
force may be communicated to the piston and other reciproca- 
ting parts to overcome the inertia of rest, and to give an 
acceleration of speed, will as certainly be given out again during 
the latter part of the stroke. These remarks apply exclusively to 
the Steam Engine with a revolving motion of crank, and having a 
connecting rod attached, giving a differential motion to the piston. 

Even before the Steam Engine was made to give a rotary motion 
by means of the crank, and when it was used merely for pumping 
water, this law of inertia was practically made manifest: it was 
found that by keeping the steam on the piston during the full length 
of the stroke, the weight of the moving parts acquired a momentum 
which accelerated their speed, and had to be violently arrested at 
the end of the stroke. Experience soon showed that the steam, at 
the low pressure then used, niight be cut off at one- third of the stroke 
with great advantage, — first, in securing a more uniform motion of 
the piston and pump, and second, in economy of steam. The piston 
of an Engine, the connecting rod of which is attached to a crank to 
give a rotary motion, is subject to the same laws; and the amount of 
pressure required to start it, and the power given out in arresting it, 
will be governed by the weight and speed. 

Kow these facts and reasons lead inevitably to the conclusion 
that there will be a decided advantage in cutting off the steam in 
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each cylinder in the way shown by the law of proportion which we 
have given. If the fall pressure of steam should be continued too far, 
then the reciprocating parts would acquire a momentum in excess of 
the requirements, which, being increased by the higher terminal 
pressure of steam relatively to the initial pressure, would have an 
injurious effect in impelling the mass m motion with too great a 
force against the crank pin when at and near the termination of the 
stroke. This fact involves a corelative one, viz : that the pressure 
at the commencement of the stroke is relatively too low. If, on the 
other hand, the pressure at the commencement of the stroke be greats 
and the cut-oflf very early, the impulsive force may not continue 
long enough, as is indeed the case in a gi*eat number of Engines. So 
common is this fact, that anyone acquainted with the working of the 
Steam Engine can discover the irregularity of motion arising from 
this source, by listening to the machinery, whereby every beat of the. 
piston can be detected. By an increase of the speed of the Engine, 
with the same pressure and point of cut-ofif, this would be rectified, 
because the fly wheel, by its increased speed, would have the sum of 
its momentum increased. If the inertia of the fly wheel be great 
enough, it will equalise almost any possible difference of pressure on 
the crank pin, so that no perceptible variation of speed will occur. 

There is another part of the question of the Compound Engine 
embraced in the Rule of Proportion, which is too important to be 
overlooked. The foregoing remarks on inertia and momentum apply 
to the reciprocating parts of the Steam Engine, without special 
reference to the Compound Engine. But it will be self-evident a^ 
an axiom in geometry, that whatever amount of expansion is best for 
one cylinder must be best for the other also ; hence it will be mani- 
festly the best to cut off the steam in both cylinders at the same 
point. By this ammgement greater uniformity, smoothness, and 
regularity of motion will be obtained, because the pressure on the 
crank pin will be more uniform throughout every part of the circle. 
Now, wherever force, or pressure, is improperly applied, some portion 
of it at least must be wasted. For, although the sum of the forcea 
is the same, however distributed, yet by the improper application, 
some part of the force will be lost, so far at least as not prodacii^g 
a beneficial result. 

Take for example an Engine of the ordinary speed of 80 to 40 
revolutions per minute. To have a high initial pressure and veacy 
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early cutrofiF, would be to apply a pressure very" fer in exoesa of what 
would be required to overcome the inertia of the r6ciprocating parts, 
and the average pressure on the crank pin requisite to maintain 
uniformity of motion of the fly wheel ; and therefore, the excess 
of pressure above these requirements, would, when the crank 
ifl at, and near, the dead centre, be absorbed by the crank shaft 
and bearing, and could not produce the most useful effect. In 
this case there would be so large a proportion of the pressure 
exerted on the journal of the crank shaft relatively to that 
exerted in the direction of rotation, that some of the energy 
will inevitably be dissipated. If, on the other hand, the pressure 
of steam on the piston be too great during the latter part of its 
stroke, the momentum at its termination will be too great, and 
therefore some portion of the force will be wasted, or dissipated. 
Another evil arising from this excessive terminal momentum of the 
reciprocating parts, will be an uneven, jarring, and unbalanced 
motion of the Engine and gearing, which is highly objectionable in 
every way, and will have an injurious effect on every part of the 
Engine, as tending to dangerous strains and ultimate breakdowns. 

The reasons already advanced are sufficient to prove the im- 
portance of a given point of cut-off in the cylinders of Compound 
Engines ; and by parity of reasoning, of cutting off at the same 
point in each cylinder when the pistons travel at the same speed, so 
as to have the. impulsive force on the crank pin distributed equally 
through every degree of its revolution, or as near this as is possible 
by the mechanical arrangement of the Steam Engine. 

A very important question in respect to the Compound Engine 
has yet to be determined. We have seen that the theoretical results^ 
QalculaLed by the law of Mabbiotte, of the Simple and the Com- 
pound Engine, are equal when the latter is. proportioned and arranged 
according to the law of proportion for Compound Engines which we 
have discovered. Yet, with proportions and arrangements which 
theoretically give far worse results, we find that practically greater 
ecsonomy is obtained ; — or apparently so, for the question is, perhaps, 
not finally settled. 

Now, assuming for the present that the Compound Engine is 
really more economical than the Simple Engine using the same 
measure and pressure of steam, it is very desirable that we should 
know the cause, or causes^ so that our practice may be based on 
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clearly ascertained principles^ instead of that empiricism which has 
often mistaken coincidence for cause and effect. Whatever may be 
the causes which tend to the greater economy of the Compound over 
the Simple Engine, it is highly important that they should be ascer- 
tained and their relative values determined. 

A theory has been propounded by an American Engineer, Mr. 0. 
E. Embuy, of New York, that a greater amount of condensation 
takes place when a given quantity of steam is used in one cylinder 
than when used in two cylinders compounded. This greater con- 
densation is supposed to result from an assumed law of the amount 
of condensation being as the square of the difference of temperature. 
This theory is believed by numbers, and yet there is a singular , 
absence of evidence in support of it. As our great experimentalists 
and writers on this subject seem to be unaware of such a law, we 
must defer coming to a final conclasion until the question has been 
determined by exact, cai*eful, and well authenticated experiments. 
Professor W. J. M. Saiykine does not favour such a theory, but 
states that the amount of condensation is as the difference of 
temperature within the practical range of a Steam Engine. 

Another theory advanced, and advocated by some Engineers, is 
known as the " Heat Trap '* theory, which assumes that as only one 
cylinder is in communication with the condenser a less total amount 
of condensation occurs. On this theory professor Rankine expressed 
his opinion in a communication to the Engineer^ dated June 10th, 
1872 (only six months before his death), in the following words : 

'^ It is obvious that no rule of universal application can be laid 
down as to whether the preference is to be given to fewer cylinders 
and greater journal friction, or to more cylinders and less journal 
friction ; but that each case must be decided according to its own 
special circumstances to the best of the judgment of the Engineer. . 

" As for what you call the * Heat Trap ' action, it undoubtedly 
takes place with an economical effect, where neither jacketing nor 
sufScient superheating is used ; but the use either of the jacket or 
of sufficient superheating causes that action to disappear, or to 
become quite unimportant." 

Careful experiments and investigations which we have made, 
seem to prove that less heat passes into the condenser, and therefore 
less into the cylinder, for a given amount of power with the Com- 
pound Engine. The increase of temperature given to the injection 
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water may be considered a reliable test of the amonnt of heat pass- 
ing through the cylinder — all other things being equal. Amongst 
the numbers of cases investigated the results are found to be very 
Yariable. 

The most noteworthy instance of Compounding a Simple Engine 
which we have met with is in the vicinity of Manchester. About 
five years ago (in 1869) a pair of new Horizontal Engines were 
erected and started. The cylinders were each 5 feet stroke, 26 
inches diameter, and 48 revolutions, — the cranks being placed at 
right angles one with the other. The initial pressure was usually 
65lbs above the atmospheric line, and sometimes 701bs. Diagrams 
Nos. 13 and 14 are from one tap of one of these cylinders, and are 
fair representatives of the set. The pressure at the point of release 
(opening of the exhaust) is seen to be on the atmospheric line. The 
co-efiScient of expansion is found to be 2*2. 

A little more than a year ago the Engines were compounded, by 
simply removing one of the cylinders, and putting a new one in its 
place, of the same length, and 8*1 times the area, so that now the 
cylinders are, — high pressure 26 inches diameter, and low pressure 
46 inches diameter, 5 feet stroke, and 48 revolutions per minute. 
A receiver of about the capacity of the smaller cylinder is placed 
between the two. The initial pressure in the high pressure 
cylinder is now 651bs as before (80lbs absolute), and the terminal 
pressure at the point of release in the low pressure cylmder is 
lOlbs absolute pressure. Diagrams 47 and 48 are from the high 
and low pressure cylinders respectively. The point of release is 
at the same distance from the end of the stroke as in the case of 
the Diagrams Nos. 13 and 14 from the Simple Engine. The 
increase of temperature given to the injection water before com- 
pounding was (so the Engineer informs us) usually about 60% 
sometimes a little more, and sometimes a little less ; whilst since 
compounding, the increase of temperature has been only about 35*. 
Both the condensers which were used for the two cylinders of the 
Simf)le Engines are now used for the condensing cylinder of the 
Oompound Engine. 

The cylinder capacity being now 1*55 times greater than before, 
and the initial pressure the same, there is a greater ratio, and a 
higher co-efiScient of expansion. The actual gain here, as shown by 
diagrams, amounts to 18 per cent. As the terminal pressure is now 
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lower, so is the temperature, which at lOlbs pressure = 193^; and 
as the amount of vacuum since compoanding has been ll*5ltaB, 
whilst it was 12lbs before, the temperature in the cylinder is not 
reduced so low. Taking the pressures as indications of t^npeia- 
tares, we shall arrire at the following result : 

BEFOBE COMFOUKDINO. 

Terminal pressure (at point of release) 151bs =i 213^ 
Vacuum line 3lbs=: 141-6® 

Difference 71*4** 

SINCE COMPOtTNDINa. 

Terminal pressure (at point of release) zz lOlbs zz 193® 
Vacuum line = 8 Jibs = 148® 

Difference 45® 

Assuming what is shown by calculation, that for the same power 
18 per cent, less water iu the state of steam passes through the 
cylinders of the Compound Engine, then it is evident that a much 
larger sum of heat is given up by the steam to the condenser in the 
case of the Simple Engines than in the Compound Engine, — in- 
dependently of any occult cause of condensation which may be 
supposed to occur. It should be noted here, that the Diagrams Nos. 
47 and 48, from the Compound Engine, show a greater amount of 
power than Diagram "No. 13, from one tap only of the pair of 
cylinders of the Simple Engine, as this one is below the. average of 
the set ; so that the quantity of steam and its temperature, which 
passes into the condenser in the case of the Simple Engine, will be 
slightly in excess of what is given above. 

It must not be supposed that the difference of temperature of the 
steam at the point of release, and at the vacuum, or back pressure 
line, is sufficient to account for the whole of the increase of tempera- 
ture given to the injection water. A large proportion of such 
increase is the result of the liquefection of the steam, whereby its 
latent heat is rendered sensible. What proportion of the latent 
heat is thus rendered sensible can only be determined by very exact 
and refined experiments. It is quite evident that only a portion of 
the steam is liquefied, otherwise the sum of heat given to the injec- 
tion water would be nearly the same for a given weight of steam, 
whatever might be the temperature at the point of release. 
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That a greater amount of heat is transmitted to the oondenser 
by the Simple Engines, and for the same weight of steam, as found 
by the yolume and pressure at the termination of the stroke, is 
certain, as will be clearly shown further on. In the absence of 
experimental tests we have no alternative but to assume the 
temperature as represented by the pressure. On this assumption 
the sum of heat which passes trom the Simple Engines to the con- 
densers will be greater than from the Compound Engine, because a 
larger quantity of steam is consumed ; the difference in the two cases 
is in the proportion of steam condensed in the cylinders, and which is 
in the state of water in suspension in the steam at the termination 
of the stroke. Such water will necessarily hare a higher tempera- 
ture as the pressure is higher ; but whether the difference is greater 
than that which corresponds to the pressures^ must for the present 
be left an open question. 

The saving in fuel by the change from the simple to the com- 
pound principle has been in this case perfectly marvellous. The- 
consumption of coal per week before the change was 59 tons, whilst 
since it has not been more than 42 tons, — the boiler pressure, and 
every other condition remaining as before. The weight is a little 
more than 500 I.H.P. This is a very striking example of the 
beneficial results of compounding. It is important to state that 
neither of the cylinders are steam jacketed, nor were they before the 
change. It is rarely that we have the privilege of examining a case 
of changing from the simple to the compound principle, where all 
other conditions remain unchanged as in this case, and especially 
where the initial pressure and ratio of expansion are so great. Its 
value, as a criterion by which to judge of the merits of the com- 
pound principle, is great accordingly. 

Though the proportion of fuel here saved may seem great, yet 
the real proportion is still greater. It must be remembered, that of 
the total consumption above given, an uncertain, though large 
amount, is required for warming the mill — ^which is a shed for 
cotton spinning only, — and for maintaining the fires and other re- 
quirements, when the Engine is not running; and this amount 
remains a constant quantity whatever may be the efficiency of the 
Engine. This consumption we will estimate at eight tons per week, 
which cannot be considered excessive. When we deduct this amount 
from the former consumption of 59 tons, then the amount used for 
h2 
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power alone would be 51 tons per week. As the reduction in the 
consumption by compounding has been 17 tons per week, then it is 
clear that the saying for power only is one-thiixi, or 33 per cent. 
Of this proportion, 13 per cent, is due to the greater co-efficient of 
expansion, which in the Compound Engine is 2-55, being 13 per 
cent, greater than in the single cylinder expansion. When th^se 
are corrected by the method for obtaining the true co-efficientj which 
will be explained in the latter part of this chapter, the gain here will 
be nine per cent. There remains now a balance of 24 per cent, 
clearly due to the principle of compounding. 

Assuming the evaporative efficiency of the boilers at 7lbs of 
water per pound of coal, the terminal pressure of steam in the Com- 
pound Engine, calculated for the weight of water contained in the 
state of steam, would show a consumption of coal of 29 tons for 
60 hours, whitih is the time run per week. As by the calcula- 
tions already given, the consumption for power is 34 tons, then 
it would appear that nearly 15 per cent, of the steam is con- 
densed in the cylinders, and passes out on its way to the con- 
densers in the state of water. Before compounding, the conden- 
sation, computed by the same method, must have- amounted to 43 
per cent. Both include condensation due to work done by the 
steam, and by contact with the metal of the cylinder, in excess 
of that which may have been re-evaporated when the piston is at the 
point of release of the steam. 

It will be seen from the details given in connection with this case 
how difficult it is to determine exactly and absolutely the causes 
which operate in securing such valuable results. It is quite manifest 
that something remains yet to be done to raise the science of steam 
engineering out of the realms of darkness. Any number of 
examples of changing from a Simple to a Compound Engine by 
which a saving of fuel has been effected, could be given ; but as the 
particular facts and circumstances connected with them are either 
wholly wanting, or do not serve as a sufficiently exact comparison, 
they are of little value for our present purpose, which is, to give 
such data as may lead to a solution of the problem. 

To make an exact comparison between the Simple and the Com- 
pound Engine, many precautions should be observed. All the con- 
ditions should be the same. There should be the same boiler, or 
boilers, the same kind of coal, the same method of firing, the same 
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boiler pressure^ the same initial pressare in the cylinder, the same 
volnme admitted^ the same amount of yacnum or back pressare in 
the condensing cylinder, the same machinery and weight on (lift- 
ing water would be the most accurate test), — the same quantity and 
temperature of injection water, &c. The experiment ^would best be 
made on a Compound Engine having the high and low pressure 
cylinders in one line, with a space between, and in which the piston 
rods are joined by a socket and cotter. The Engine, or Engines, 
might thus be run simple and compound alternate weeks or months, 
and the results noted. All the cylinders should be steam jacketed, 
80 that both principles could be tried with and without steam in the 
jackets. 

As a further means of ascertaining the causes of the difference 
between the two principles of working, it is desirable to make pro- 
Tision for collecting all the water passing out of the cylinders which 
may have condensed there, and ascertain its weight ; and also to 
have a thermometer inserted into the exhaust pipe, as near to the 
cylinder as practicable, in order to ascertain the temperature of the 
exhaust steam. By adopting surface condensers, the whole of the 
steam consumed could easily be ascertained by collecting all the 
water condensed, and measuring or weighing it. This would give 
us a complete and perfect test of the relative economy of the two 
principles. Furthermore, it would assist in coming to a clearer 
knowledge of the causes operating, if a few thermometers were sus- 
pended in different parts of the Engine house, and the temperature 
shown by each noted at specified times every day,— the temperature 
of the external atmosphere in the shade being noted also at the 
same time. It would be well also to ascertain the temperature of 
the metal near the crank journal under the different conditions. 
These observations being recorded, would enable us to estimate ap- 
proximately the difference in the amount of radiation, and of heat 
generated by pressure on the crank, between the two principles of 
working. 

When these suggestions have been carried out we shall be nearer 
the solution of the problem. 

An important feature in the Compound Engine, and one which 
Contributes to its safety and the general favour with which it is 
beginning to be regarded, is the greater uniformity of pressure on 
the crank pin, which obviates much risk, and averts much disaster* 
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This feature has already been noticed in one of its effects, — the 
great and unequal initial pressure on the crank pin, and crank shaft 
journal in the Simple, as compared with ^the Compound Engine. 
The improvement in this respect in the Engine which we have just 
had under consideration has been marked and decisive. The bear- 
ings connected with the crank pin and journal are not subject now 
to heating and wearing to near the same degree as before. If less 
heat be thus generated, then certainly less force is wasted. 

Now, for a given amount of power there must necessarily be a 
given average pressure on the crank pin through a revolution, — and 
this average pressure must be in the circular line of its motion. 
For a high degree of expansion,, the projectile force of the steam will 
propel the piston cind other reciprocating parts with too much 
violence against the crank when on the dead centre, and at such 
angle as cannot give the most useful effect. If the force at these 
points of the cranks rotation be greatly in excess of the average 
pressure on the crank pin, then some portion of the excess of force 
will inevitably be transmitted through the crank into the crank 
shaft and bearing, where it cannot have any productive effect. Some 
part of the force therefore has been wasted, or practically destroyed. 
If, in a Simple Engine with a high degree of expansion, the pressure, 
inertia, and momentum of the reciprocating parts could be perfectly 
balanced throughout the stroke, then such Engine would do just aA 
well as the Compound, so far as the equalization of the force. 

In the Compound Engine made according to the rule of pro- 
portion, the initial pressure of steam in each cylinder will be main- 
tained so far, that at the point of cut-off the crank will be at an 
angle where the pressure will be more usefully exerted; and the 
pressure of steam not falling as rapidly from the point of cut-off, the 
extreme momentum which is necessary in the Simple Engine with a 
high degree of expansion, will not be required here. For a given 
initial pressure and a given amount of expansion, the point of cut-off 
in the Simple Engine, as compared with the compound, will be as 
one to the square root of the number of expansions* For instance, 
suppose, as in the illustration of compound cylinders and diagrams 
already given, that the number of expansions be 16* The square 
root of 16 will be 4 j and as the point of cut-off for 16 expansions 
in a Simple Engine will be one-sixteenth, then the point of cut-off 
in each cylinder of the Compound Engine will be four-sixteenths | 
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BO that the point of cut-off in the Simple Engine will be one-* 
sixteenth, and in the compound one-fourth. So, if we take nine 
expansions, the ratios will be as one-ninth to three-ninths. It will 
be clearly evident that with the distribution of the pressure in the 
compound cyUnders as we have here shown, it will be less difficult 
to equalize the pressure on the crank during every degree of its 
rotation. 

There is a law in the distribution of pressure of the steam 
in Compound Engines, which has not yet been noticed, and 
which may be regarded as one of the causes of their success. 
In every Simple Engine where the cut-off is not later than 
half stroke, the terminal pressure is only half the pressure at 
the middle of the stroke, — neglecting here all loss by conden- 
sation, or gain by re-evaporation, and assuming the steam to be 
in the inverse ratio of pressure to volume. In the Compound 
Engine, arranged according to rule of proportion, where the cut-off 
is not later than half stroke, the pressure in the middle is three 
times the terminal pressure whatever may be the degree of expan- 
sion. This will require a few words of explanation to make it 
clearly understood by every reader. 

By the amount of pressure in the cylinders of the Compound 
Engine as here stated, is meant that the available and effective pres- 
sures in both cylinders are reduced to one cylinder, — which must 
always be the low pressure one. If, for example, we refer again to 
the theoretical diagrams on page 232, where the ratios of the 
cylinders are 1 : 4, and of which details of pressures, &c., will be 
found in table on compounding, which will be given hereafter. The 
presures in the two cylinders being found, that of the high pressure 
cylinder must be divided by four, and the quotient adcjed to that 
of the low pressure cylinder. This will give the pressure at any 
part of the stroke, which is to be compared with the corresponding 
point of stroke in the Simple Engine. If we take 16 expansions^ in 
order to make a comparison, we shall have the advantage of the 
Illustration on page 232 for reference, as also the table on com- 
pounding. Here then we find that both the simple cylinder and the 
low pressure cylinder of the compound give a terminal pressure of 
7'51bs» The simple cylinder then will have a pressure in the 
middle of 15lbs; but as we allow 21bs back pressure, the effective 
pressure on the piston will be 131bs. The Compound Engine will 
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have jnst the same pressure in the low p^ssure cylmder ; and to 
this must be added the effective pressure in the high pressure 
cylinder at the middle of the stroke. The pressure here will be 
1201bs initial pressure -f- 2 = 60lbs absolute in the middle ; then 
601bs — 30lbs back pressure = 301bs effective pressure on the 
piston. As the cylinder is one-fourth the area of the low pres- 
sure cylinder (the latter being of exactly the same area as the 
cylinder of the Simple Engine) we shall now get 301bs -f- .4 = 
7'51bs^ which being added to ISlbs = 20'51bs, the effective pressure 
of steam in the middle of the stroke in the* Compound Engine ; 
whilst in the Simple Engine it is ISlbs, and therefore the middle 
pressure is 1*577 times greater in the former than in the latter. If 
we deduct 41bs for back pressure, = lllbs vacuum^ then we shall 
have — 

Simple Engine = lllbs. 
Compound Engine = 18'51bs. 

The middle pressure in the Compound Engine is here found to be 
1*68 times greater than in the Simple Engine.* 

This calculation of the aggregate effective pressure on the piston 
at the middle of the stroke in the compound, as compared with the 
Simple Engine, is based simply on the law of Marriottb ; but 
other laws come into operation which affect the result, as will be 
explained further on, and increase the advantage of the Compound 
Engine in this respect still more. For a given range of expansion, 
and a given terminal pressure, the middle pressure (absolute) of the 
Simple Engine will be Use than double the terminal, whilst the 
Compound Engine will give more than three times the terminal 
pressure ) in each case measured by the diagrams, and all other 
things being equal. The examination of a great number of diagrams 
has amply proved the correctness of this conclusion. The actual 
result practically obtained from a Compound Engine of correct pro- 
portions and good construction, will give not less than twice the 
effective pressure at the middle of the stroke, which will be obtained 
from a Simple Engine with the same terminal pressure of steam. 

^Witii the ratio of expaiision here uhder cohsideratioii (16), the highest Aggregate t>r«8«ure At 
half stroke wotild be obtained by having four cylinders^ in the ratio of 1, 2, 4, and 8 ; and th6 
steam in each cut-off at half stroke; The eictreme complexity Of stich arrangement, hoV eYer 
tenders it doubtful whether any real advantage would result over the employment of tlyo 
dylindersi The ezperimeut is worth trying. 
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This will be independent of the greater efficiency of one principle 
than the other arising from the comparative permanent condensa- 
tion which may occur. We will give two examples to illustrate the 
principle and degree of middle pressure in the Simple and Compound 
Engines. 

For the first illustration let us take Diagram No. 46. The 
absolute terminal pressure here is 6*751bs. The absolute pressure at 
the middle of the diagram is 12'51bs^ — the atmosphere being 151bs at 
the time of taking this diagram. Now twice the terminal pressure 
would be 13'51bs, so that here the actual middle pressure is one 
pound less, or 1*85 times the terminal. 

For the second illustration we will take Diagrams 42 and 43. 
Here the absolute terminal pressure is 51bs^ and the middle pressure 
is 8'51bs. (See Diagram No. 48). As this latter bears a smaller 
proportion to 51bs than 12*5 does to 6*75 in the first example, some 
explanation may be desirable. If the reader has gone carefully 
through the descriptive analysis of these diagrams, he will remember 
that the induction valve of the lov? pressure cylinder is open — ^more 
or less — during about three-fourths of the stroke. This being so, 
it follows that the whole of the steam which is found at the termi- 
nation of the stroke has not entered at the middle ; hence the re- 
latively low pressure here. The diagram from the high pressure 
cylinder (No. 42) shows an effective middle pressure of 251bs. As 
the cylinders are in the ratio of 1 : 2*9, then 25 -f- 2*9 = 8'621bs, 
which will be the effective pressure reduced to the area of the low 
pressure cylinder. The absolute middle pressure in the second 
cylinder being 8*51bs, then add 8'621bs, transferred from the first, 
and we obtain 8-5*+ 8*62 = 17*121bs, which is 8*7 times the 
terminah pressure. Now 8*7 -f- 1'85 = 2*0, so that the compound 
gives exactly double the amount given by the Simple Engine. 

But does this proportion , represent the true value of the 
difference? So &r we have taken the full absolute pressure at 
the middle of the stroke. Now it is evident that there must always 
be some back pressure, or defective vacuum. We will assume the 
back pressure to be equal in both cases for our present purpose ; 
and there is no reason whatever that the same amount of vacuum 
should not be obtained in the case of Diagram No. 48 as in No. 46, 
with the same conditions present in the condenser ; indeed, it would 
be easier of attainment. Let the back pressure then be called 21bs, 
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equal to a vacuum of ISlbs, with the atmosphere at 15lb8. The 
result will then stand as follows : — 

Diagram No. 46 = 12-61bs - 2 = lO'Slbs. 
Diagrams Nos. 42 and 43 z= I7'121b8 - 2 = 15-121bs. 



Then- 



Diagram No. 46 = lO-Slbs -f- 6-75lb8 z= 1*555 times. 
Dia^ams Nos. 42 and 43 i= 15-12lbs -f- 5 = 3-024 times. 



It follows then that the actual effective middle pressures are, 
in the Simple Engine 1*555 times the absolute terminal pressure, 
and in the Compound Engine 3' 024 times. This does not give the 
trae value. In order to arrive at the correct value, we must compare 
the effective middle pressures corrected to the same terminal pres- 
sures, which we will now proceed to do. As the absolute terminal 
pressure in Diagram No. 46 is 6'751bs, and in No. 43 is Slbs, then 
the absolute middle pressure in the latter must be increased in 
the ratio of 5 : 6*75. 

Therefore as 5 : 17-12 :: 6*75 : 23-112. 

The effective pressure we shall now obtain for the Compound 
Engine at the middle of the stroke will be 23*112lbs — 2 = 
2M12lbs, whilst the Simple Engine gives 12-5 — 2 = 10*5, being 
in the ratio of 2*01 to 1 : 

As 21-112 : 10-5 :: 2-oi : i-o. 

The comparison will be still more exact by correcting the terminal 
pressure of Diagram 46 to that of Diagram 43. The proportion 
will then be as follows : — • 

As 6-75 : 12-5 :: 5-0 : 9-26. 

Deducting now 21bs back pressure, we shall have 7*26lbs as the 
middle pressure for Diagram No. 46. 

Then as 15-12 : 7-26 :: 2-08 : 1-0. 

These cases have been selected to illustrate the principle under 
consideration, because the Engines coincide more exactly in all 
essential points for making a true and reliable comparison than any 
others available. They are similar in having a high degree of 
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expansion ; in being steam jacketed ; in having every vital part in 
good working condition ; in having the quantities of steam con- 
sumed carefully ascertained ; and in being altogether trustworthy in 
all the details given concerning them. The Compound Engine has 
not been selected because it gives the most favourable comparison in 
illustration of the principle ; as it does not. So far from this being 
the case, we may say, that we have a considerable number of 
diagrams from Compound Engines which would have presented a 
much more favourable comparison. Such cases, however, would 
not have coincided so nearly in all their conditions to the Simple 
Engine selected. Diagrams 42 and 43 would have given a more 
favourable result if the cylinders had been proportioned and 
arranged on our principle of compounding. If, In Diagram 48, 
the steam had been completely cut oflp at or before half stroke, 
the result .would have been more favourable in this case, because 
a higher middle pressure would have obtained with the same 
terminal pressure. 

Let us take two more examples for comparison ; and they shall 
be from Engines which have already been described m considerable 
detail. Diagram No. 13 represents the Simple Engine, and Dia- 
grams 47 and 48 represent the Compound Engine. And first. No, 
13. Here the absolute pressure in the middle of the stroke is 9 + 
15 = 241bs, — the diagram being on the scale of 301bs per inch. The 
terminal absolute pressure would be 141bs if the exhaust valve did 
not open to reduce it. As there must necessarily be some back 
pressure, we will allow 21b8 as before. This would give 221bs effec- 
tive pressure in the middle of the stroke, being 1*57 times the 
absolute terminal pressure. Now see Diagrams 47 and 48 from the 
Compound Engine. These diagrams are good representatives of 
both ends of the cylinders from which they are taken — the two from 
the high pressure cylinder being almost as closely corresponding 
in every point as if they had been taken from one end only. Of 
the low pressure diagrams there is but the slightest difference 
between them. The mean middle pressure of the low pressure 
diagrams, represented by Diagram 48, is 3lbs 4- 15 = 181bs, 
and the mean terminal pressure is 9*31bs. Diagram 47 is taken to 
a scale of 351b8 per inch, and the effective middle pressure is 
29-751bs. As the cylinders are in the ratio of 1 : 3*1, then 29*75 
-7- 31 = 9-6lbs reduced^to the area of the low pressure cylinder. 
l2 
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Then 18 4- 9*6 = 27*61b8, which will be the absolute pressare at the 
middle of the stroke on the area of the low pressare piston. The 
absolute terminal pressure being 9-31bs, then 27*6 H- 9*8 = 2*9677 
times. This result being slightly below the theoretical require- 
ments as stated above^ demands a further analysis. We need not 
remain long in a state of perplexity concerning this. 

If the reader will turn once more to Diagrams 47 and 48, he 
will see that in the former the back pressure at the point corre- 
sponding to the highest initial pressure in No. 48 is 17'51bB 
(unfortunately che decimal 0*5 has been omitted on diagram 47), 
whilst the highest pressure in 48 is lOlbs above the atmospheric 
line. Here then we see that considerable and unnecessary at- 
tenuation of the steam occurs. Instead of having a back pressure 
in No. 47 of 7*5lbs above the highest pressure in 48, there ought 
not to be more than l'51bs, and this would amp^ suffice if the 
steam could freely flow from one cylinder to the other. This would 
give in the middle ^of the high pressure cylinder 35*751bs effective 
pressure on the piston ; and when reduced to the area of low pres- 
sure cylinder would be 35*75 -r- 3*1 = ll*2lbs. Then 11*2 -f 
18 = 29*2lbs, and when divided by 9*31bs, which is the terminal 
pressure, will be 8*14 times. 

By carrying the comparison a little further we shall be able to 
arrive at the practical results. Taking the pressure just found as 
the true factor from which to work out the correct conclusion, then 
29'21bs — 21bs back pressure, in second cylinder, = 27*21bs. The 
examination of Diagram No. 13 showed an effective middle pressure 
of 221bs, with a terminal pressure of 141bs. The true comparison 
between the two cases will be to increase the amount of pressure in 
No. 48 in the ratio of 9*3 : 14, which represent the terminal pres- 
sures of the Simple and the Compound Engines. Then as 9*3 : 
29*^ :: 14 : 43*957, so that the Compound Engines will give — say, 
•— 441bs, and the Simple Engine 241bs absolute pressure at the 
middle of the stroke. Deducting as before, 21bs back pressure, we 
shall have 22 and 421bs as the effective pressures — ^being for the 
compound 1*91 times the amount of the Simple Engine. 

This result is not quite correct, because the middle pressure of the 
compound has been increased in a corresponding ratio with the higher 
terminal pressure of the Simple Engine, whereas the middle pressure 
of the latter should be reduced in the ratio of the lower terminal 
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pressure of the former. As a deduction of 21bs back pressure is 
made in every case to give the effective pressure, the proportion 
which such back pressure bears to the effective is as the amount of 
the latter. For a true comparison then we may present the follow- 
ing view : — 



Asl4 : 24 :: 9-3 : 15-948. 

Then 15-9481bs — 2lbs = 13-9431bs effective middle pressure in 
the Simple Engine ; and 29'2lbs — 2lbs = 27'2lb8 effective middle 
pressure in the Compound Engine. 

Afr 13-948 : 27-2 :: 1-0 : l-95. 

Therefore the compound gives 1-95 times the effective middle pres- 
sure given by the Simple Engine. 

The result here is not quite as good as in the first comparison. But 
these cylinders, be it remembered, are none of them steam jacketed. 
And besides, Diagrams 42 and 43^ representing a greater number of 
expansions, will necessarily give a higher proportionate middle 
pressure relatively to the terminal pressure, all other things being 
equal ; the inferior result therefore, of 6*2 expansions^ is what we 
should naturally expect. A set of diagrams, which we have recently 
obtained from a pair of Compound Engines, in which the ratios of 
cylinders are as 1 : 5*6, and the initial absolute pressure is 1501bs, 
give the absolute middle pressure, reduced to the area of the \o7[ pres- 
sure cylinder, as 3*72 times the absolute terminal, which is 8*4lbs. 
The Engines are quite new (erected in the early part of 1872), and 
in good condition, so that the above result may be relied upon as 
correct and trustworthy. That no loss is taking place to reduce the 
terminal pressure unnecessarily, is proved by the fact that the 
actual terminal pressure corresponds exactly with the vario-thermal 
pressure law. The cylinders are not steam jacketed, or the result 
would probably be a little better. The diagrams are not included 
in the number given in this work, as they were not obtained early 
enough. The Engines belong to Mr. Chables Suthers, Oxford 
Mill, Oldham. 

Many sets of diagrams from Compound Engines exhibit the 
practical operation still more favourably, but as the conditions of the 
Engines are not thoroughly reliable in all respects, we withhold them. 
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It might innocently be supposed that this advantage of the 
Compound Engine may be gained at the cost of some corresponding 
loss. That such is not the case is amply proved by the case of the 
Simple and Compound Engines, from which Diagnims 13, 47, and 
48 were taken, and the results of which have been detailed in an 
earlier part of this chapter, so that any further reference here 
will be altogether unnecessary. So far from any loss resulting 
from the relatively lower terminal pressure in the Compound 
Engine, the facts which we have given with considerable circum- 
stantiality elsewhere, prove beyond the possibility of doubt, a 
rery great gain. The final and inevitable result at which we 
arrive, is that the principle which we have discovered and above 
developed, is a gain, not only without any corresponding loss, but 
one which is accompanied by other results equally important and 
beneficial. These are facts of the highest import to the engineer- 
ing worid. 

As the question may arise in the minds of some readers why in 
the Simple Engine the middle pressure should be lower, and in the 
Compound Engine higher than the theoretical amount, relatively to 
the terminal pressure, it may be desirable that the question should 
receive a little consideration here, although it will be discussed more 
fully hereafter in another connection. For a given amount of ex- 
pansion there is a much larger initial condensation in the Simple 
than in the Compound Engine, and a larger re-evaporation is the 
consequence, giving a larger amount of steam at the end of the 
stroke than at the middle. In the Compound Engine, where the 
cut«off is necessarily later, the initial condensation is small relatively 
to the measure of steam used, so that there is a smaller proportion 
available for re-evaporation. If no initial condensation occurred, 
then, even if all the steam subsequently condensed by its production 
of power should be re-evaporated, the terminal pressure would be on 
the vario-thermal line. This will be explained further on: The 
ftill value of the conclusion which we have now established, as to 
the proportionately greater middle pressure in the compound than in 
the Simple Engine, will be better apprehended when we have ex- 
hibited an important and interesting fact connected with the laws 
of Dynamics, associated with which,- the real significance will 
become apparent. 

It has already been stated, that in proportion to the speed of the 
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piston and the weight of the reciprocating parts, will be the pressure 
of steam required to give acceleration of motion ; and that whatever 
force is required to efiPect this, exactly the same amount of force will 
be given out again by the reciprocating parts as their speed is 
retarded. The greatest acceleration occurs at the conmieucement 
and early part of the stroke, and decreases as the speed increases, 
until the piston has reached its highest velocity, when acceleration 
ceases, and retardation of speed begins. 

At this point of highest velocity, which is at half the length of 
the stroke (taking the mean of the forward and back strokes), the 
forces of inertia and momentum — that is, of vis-inertia and vis-viya 
— are, for the instant, in abeyance, neither being operative. The 
pressure then, on the crank pin, at this point of the stroke, is exactly 
as the pressure of steam on the piston or pistons (neglecting here the 
small amount of power absorbed by the friction of the piston and 
and shdes, cfec), which, as we have just seen, is greatest in the Com- 
pound Engine. This we believe to be a true explanation of the 
cause, or, at least one of the causes, of the superiority of the Com- 
pound over the Simple Engine, where a high degree of expansion 
obtains ; for though theoretically the sum of the rotative forces may 
be the same wherever the pressure may be exerted, yet by a more 
equable distribution, a more effective application of the pressure is 
secured, and a smaller proportion df energy dissipated. 

It will be useful jf we illustrate the subject, in order \o enable 
the reader clearly to understand the operation of these laws, and the 
practical results in the working of the Steam Engine. We will take 
first the case of the Simple Engine represented by Diagram No. 13. 
The speed is 48 revolutions per minute, the length of stroke 5 feet, 
and the diameter of the cylinder 26 inches, giving an area of 530 
inches. "We will assume the weight of the piston and all the recipro- 
cating parts at 2,6001bs. This weight will require an average pres- 
sure of 6'151bs, and an initial pressure of double the amount, or 
(6*15 X 2 =) 12*31bs, to overcome the inertia of rest, and to ^ve 
the acceleration of speed here necessary. The pressure of 12*3lbs is 
required at the commencement only— the amount gradually and 
nearly uniformly diminishing to the middle of the stroke, where the 
equilibrium is attained. The retardation during the latter half of 
the stroke is corresponding and reciprocal. Here it is important to 
observe that this will be true only with a connecting rod of infinite 
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length. With a^ connecting rod of any practicable length there will 
be a difference in the speed of the piston at front and back (or 
bottom and top) in the inverse ratio of the length of snch connect- 
ing rod ; that is, the longer the connecting rod, and the smaller will 
be the difference. The piston moves with the greatest yelocity at 
the end of the cylinder farthest from the crank in the forward and 
the return strokes equally. The amount of pressure required to 
overcome the inertia of rest, &c., as given above (6'15ft>s), is calcu- 
lated for the mean of both ends. 

If we suppose for a moment that the speed, weight of piston, &c., 
ore such as to require an average pressure of 51bs, then lOfibs will be 
the initial and terminal pressures, and the following view of inertia 
will represent the intermediate pressures without the use of decimals. 



—9* i —7- I -6* —8- i —1- +1- +8- +6- -f7' -f9* 



The sum of all the figures, divided by the number of spaces, gives 
the average of 5lbs. 

Having the Diagram No. 18 divided into 10 spaces of equal 
length, and having ascertained the steam pressure of each space, 
begin at the steam end, deduct from the first five spaces, and add to 
the latter five spaces, as in the following paradigm of diagram. 
This will give the pressure of steam exerted on the crank, minus the 
friction of the reciprocating parts, which is a variable quantity, and 
can only be determined by experiment at intervals. The spaces in 
the Indicator diagram being measured by the pressure scale, the 
amount of each is placed in the second line of the paradigm ; the 
pressure of inertia having been found, is placed in the third line ; 
the fourth line represents the incidence of pressure, or the actual 
pressure exerted on the crank at every part of the stroke. The first 
line in each paradigm is simply the numbering of the spaces. 

1. — Paradigm of Diagbah No. 18. 



1 2 


3 


4 


6 6 7 8 


9 10 


67- 62- 


42- 


30-5 


23*5 1 19-5 17- 


14-5 


11-5 1 8-6 


-ll-]5 8-65 


-6-16 


-3 -65 


-1-15 +115 -f3-65 


-f6-15 


+8-65, +11-16 


55*85 53 -35 


85-85' 


26-85 


22-35 20-651 20*65 


20-65 


20-15-1 19-66 



We will now take the Compound Engine represented by Dia- 
grams 47 and 48, and work out the corresponding resultSi so that 
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we ehall be able to make a comparison. Bat first we will make a 
correction in the high pressure Diagram No. 47. We have already 
shown that the concave curve back pressure line is unnecessary, and 
is produced without any corresponding compensation^ — ^being due 
simply to the insufficiency of the exhaust passages. 

As the highest pressure reached in the low pressure cylinder is 
only lOfts above the atmospheric line, then if we allow ll'5ifos for 
the back pressure line in the high pressure cylinder, it ought to be 
sufficient. Adopting this as the potential and proper back pressure 
line^ we shall get the pressures as exhibited in the second line of the 
second paradigm ; and correcting for inertia as before, the figures for 
which are given in the third line, the incidence of pressure will be 
found in the last line. 

2. — Pauadigm of Diagram No. 47. 



1 1 2 ' 


3 4,516 78 9 10 


46- 1 61-8 


49- 1 43- 1 37-3 , SOS 233 18-6 16' i 11-6 


-11 16 -8-65, 


-6-16, -3-65, -1-16 -fl-16 


+8-66 +6-16 1-1-8-66 +11-16 


34-861 42-66; 


42-86; 89-36: 86-16 3146 


26-96 1 24-76 23*66 22 76 



The low pressure cylinder has the same length of stroke and 
number of revolutions. The area of the piston is 1,660 inches ; and 
the weight of piston, &q., we will assume to be d,300lb6. The 
steam pressure in each space of the diagram (No. 48), of inertia, and 
the incidence of pressures, will be represented in the paradigm 
following : — 

d.— Paradigm of Diagram No. 48. 



1 . 


& 


3 1 


4 


15 6 17 


8 9 1 10 


19-6. 


20- 


18- 


16-6 


16 12-5 9-6 


8- 1 6-5 4* 


-4-6 


-3-6 


-2-5 


-1*6 


-0-6 1 +0-5 +1-6 


+ 2-6 +3-5 +4*5 


16- 


16-6 


16-6 


16* 


14-6 13- 1 11- 


10-6 10* 8*6 



It will at once be seen that the Compound Engine gives a far better 
distribution of the aggregate pressures. 

The view just presented is not quite correct in any one of the 
cases given. The second line in each paradigm contains the exact 
measurement of the efiFective pressure as found by the method 
adopted for ascertaining from the diagram the amount of power. 
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This will not be correct for the solution of the problem under con- 
sideration. Refer again to Diagram No. 13. The measured pres- 
sure for the calculation of power in the first division is 67ft)S, and 
this is the amount given in the first space in Paradigm No. 1. 

Now it is obvious that when the steam is admitted into the 
cylinder against the piston, its force will be just as much as it ex- 
ceeds the pressure of "steam on the other side of the piston, and 
which constitutes the back pressure for the time being ; because, if 
the pressure on the opposite side should be equal, then the piston 
would be in equilibrio, and whatever might be the pressure of the 
steam, it would not tend to produce motion. As the initial pressure 
in Diagram No. 13 is 65 4- 15 = 80lbs absolute, then this is the 
pressure operating on the piston, minus the amount on the other 
side above the absolute vacuum line. Assuming the diagrams from 
both ends of the cylinder to be similar (which is the fact), then, as 
the back pressure line averages lOlbs below atmosphere, or 51bs 
absolute, for the first division of the return stroke in Diagram 
No. 13, we shall now have 80 — 5 = 75ft)s efiFective pressure on the 
piston. 

The explanation here given will be a sufficient guide to the clear 
understanding of all other divisions in the diagram, and also for all 
other diagrams, and we will now proceed to present to view once 
more, in a more correct form, those which have already been given, 
— ^placing them in immediate succession, so that they may be seen 
at one view, and the more easily compared. 

4. — Paradigm of Duqbam No. 13 (2ndy. 



1 S ! 3 , 


4 : 


5 ! 6 , 7 i 8 9 ! 10 


76- i 63- , 41-5 


30-5 , 


23-5 19-5 17- ! 15 | 10' 1' 


11-15 8-65i 6-15 


-3-65 


-1-15:+1-15 +3/65 '4-6-1514-8-65 +11-15 


63-85 54-35, 35-35] 


26-85 


22-35 20-65 20-65 21-151 18-65| 12-15 



5. — Paradigm of Diagram No. 47 (2nd). 



1 


2,3 


4 


5 i 6 7 1 8 9 10 


54-5 


53-5 ^0-5 


44-7 1 


38-7 , 30- 22-5 16- 13- ; 2- 


-11-15 


-8-65 -6-15 


-3-65 


-l-15|+l-15|+3-65 +6-15 +8*65 +11-15 


43-35, 


44-85, 44-36| 


41-05 


37-55, 31-15i 26-15 22-15 2165] 13*15 
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6. — Paeadigm op Diagram of No. 48 (2nd). 



1 2 1 


3 4 


6 6 


7 


8 9 


10 


20 1 19-5 


17-5 16- 


15- 1 13- 


10*5 


8- 7- 


3- 


-4-5 I -3-5 


-2-5 1 -1-5 


-0-5 +0-5 1 -fl-5 


+2-6 +3-5 


+4-5 


16-5 16* 


15- 1 14-5 


14-6 13-6 12- 


10-5 10*5 


7-6 



The second and last lines in each paradigm ore reciprocal^ — the 
incidence of pressure merely being changed from one point to another 
in the aggregate energy communicated to the crank. A glance at 
the figares will suffice to show the better distribution of the aggregate 
energy in the Compound than in the Simple Engine. In Paradigm 
No. 4, the pressure on the crank pin is seen to be 63'85Ibs per inch 
in the first division or space, and (22-35 + 20-65 H- 2 =) 21-5 
at half stroke ; the former being 2*97 times the amount of the latter. 
In Paradigm No. 6, the first space equals 1*262 times the amount 
at half stroke, which will be the mean of the fifth and sixth spaces. 
In Paradigm No. 6 the difference is 1-107 times. The ultimate 
incidence of pressure may be still more equalized by increasing the 
weight of the reciprocating parts, or the speed of the Engine. 

But, it may be asked, cannot this be done with the Simple 
Engine as well as with the compound ? We will see. 

As a further example we will next take Diagram No. 19, and 
select for our purpose the end in which the cut-off is at one- 
twentieth of the stroke. As in Paradigms 4, 5, and 6, the figures 
given in the second line will represent the pressure above that which 
is found on the opposite side of the piston at the same instant. The 
speed of this Engine is 52^ revolutions per minute, — the stroke 4 
feet, and the diameter of cylinder 24 inches, giving an area of 460 
inches, say. The weight of the piston and all the reciprocating 
parts we will assume to be 2,400Ibs. This will require 12-75Ibs 
initial pressure to give the initial motion to the piston. The result 
will be as in Paradigm No. 7, on the next page. 

In this paradigm the first and second spaces are subdivided in 
order to present a more minute view in the early part of the stroke, 
where the fall in pressure is so exceedingly rapid. The inequality here 
is still greater than in Paradigm No. 4. By doubling the weight of 
the reciprocating parts, the figures which are subtracted from the 
second line for the first half of the stroke^ and added for the second 

k2 
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half, will be doubled also. This would change the incidence of 
pressure on each side of the middle point, but here the pressure 
would remain exactly the same, so that the first half of the first 
division (being one-twentieth of the stroke) would then be 42-271hs, 
and the tenth division would be 281bs. The third division would 
give 4'4lb8, and the fourth 4'41b8. No one will suppose that this 
would be a change for the better. 

Take another example — the next one in order in the series of 
diagrams, — another Model Engine. (See Paradigm No. 8). 

This Engine runs at a speed of 120 revolutions per minute ; the 
stroke is 2 feet 6 inches, and the diameter 18 inches, = 250 in 
area — allowing a small deduction for the piston rod. In the above 
calculation we have assumed the weight of the reciprocating parts 
at l,200lb8, which will require an initial pressure of 37*5lb8 per 
inch to give the initial motion. In this paradigm the incidence of 
pressure in the last line is strangely distributed. If the weight of 
the reciprocating parts should be less than here assumed, then the 
figures in the last line would be changed proportionately. 

The assumption of l,2001b8 as the weight of the reciprocating 
parts, is probably low enough, as they are made specially heavy for 
the dimensions of the Engine. 

Above, it has been stated that the second and last lines in the 
paradigms, are equal in the aggregate. 

In Paradigms Nos. 7 and 8 there seems to be a discrepancy. 
This is only apparent — not real. It arises by subdividing one or 
more of the spaces. The rectification is simple. Take the mean of 
the two subdivisions of the space in all the three lines, and the 
second and fourth line will then be found to be reciprocal. For 
example — in Paradigm No. 8, the mean of the first space is 47*5 in 
the second line, 33'5 in the third, and 14*0 in the last. These 
figures being substituted, will make the sums of the second and 
fourth lines equal. If there were 20 equal divisions, this correc- 
tion would not require to be made. 

It is quite evident now, that the forces cannot be balanced — nor 
nearly so— in the Simple Engine with a high degree of expansion. 
In an Engine producing a diagram such as No. 15, the balance of 
forces can be very approximat3ly attained. Let it be assumed that 
the speed and weight of the reciprocating parts, &c., require lOlbs to 
produce the initial motion, then the following will be a oonect 



260 

This one will serve as a criterion in judging x)f the diagram from 
the low pressure cylinder in the illustration of theoretical compound 
diagrams on page 232. 

9. — Paradigm ov Diagram Ne. 15. 



1 


2 


d 


4 1 


5 


6 


7 


8 


9 


lO 


29-6 


29- 


26- 


21- 


17- 


14- 


1 12- 


10* 


8- 


1- 


-9- 


-7- 


-5' 


-3- 


— 1- 


+1- 


1 +3- 


+ 5- 


1 4-7- 


+9- 


20-5 


22* 


21- 


18- 


16- 


15- 


15- 


15* 


15- 


10- 



The high pressure cylinder there would be reprcFcnted by the 
following : — 

10. — Paradigm op High Pressure Theoretical Diagram. 



1 


2 


3 


4 


5 


1 6 


7 


1 8 1 9 


lo 


90- 1 


90* 


85- 


58- 


38- 


26- 


1 17- 


10- 5- 


2- 


-32- 


-26- 


-18- 


-II- 


-4- 


4-4- 


+11- 


1 +18- -f25- 


4-32- 


68- 


65- 


67- 


1 47- 


34- 


29- 


28- 


28- 1 so- 


34- 



The figures given as the pressures of inertia in the third line of 
Paradigm No. 10, by which to change the incidence of pressure, are 
not calculated from a known weight of piston, (&c., but the latter 
must be made to the requirements of these or other figures which 
may be determined upon as the most suitable for distributing the 
incidence of pressure aimed at. The incidence of pressure given in 
space 10 can be diminished to any desirable extent by compression 
of the steam ; and this should be done to such a degree as circum- 
stances may render advisable, — such as to secure a smooth and even 
motion of the Engine. 

Practically — as will be shown elsewhere, — the pressures in the 
second, or steam line, will be somewhat different from the amounts 
given in Paradigm No. 10. At one-quarter stroke the steam cannot 
be cut off instantaneously, as is represented in theoretical diagrams, 
so that the fall in pressure will be more gentle. Again, as the 
pressure is reduced, re-evaporation commences, tending to produce a 
higher pressure than the theoretical line. Furthermore, the steam 
contained in the fulcrum capacity, will still further increase the 
pressure from the point of cut-off to the end of the stroke. This 
higher terminal pressure will be advantageous, as it will compensate, 
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partiallj or wholly^ for the &11 in pressure which ahnost inytriablj 
takes place when the steam passes from the high to the low pressure 
cylinder. 

In Paradigm No. 10 no compression has been taken into account. 
In order that it may be viewed as it will appear in actual working, 
when modified by the conditions just enumerated, we will represent 
it by the following : — 



11.— Paradigm of Theoretical 


Diagram Oorreoted. 


1 2 3 1 4 5 6 j 7 


8 9 lO 


90- 90- 


85- 1 64- 


42- 29- 


21- 


13- 6- -12- 


—32- -25- 


-18- -11- 


-4- +4- 


+11- 


+ 18- 


+ 26- +32- 


68- 1 65- 


67 1 53- 


38- 33- 


32- 


31- 


31- 20- 



It will be altogether unnecessary to carry the investigation of 
this branch of the question any farther here, as it will now be quite 
apparent that the range of expansion in one cylinder cannot advan- 
tageously be great, — say not more than four or five expansions ; 
beyond the latter degree the inequality becomes very objectionable. 

There is another branch of this subject, and though only a 
subordinate one, yet it is too important to be entirely neglected, but 
which so far has only been referred to provisionally, viz., the 
difference in the speed of piston between one end and the other of 
the cylinder. Now this feature is a source of disturbance, which in 
some cases may seriously affect the correctness of the conclusions 
arrived at in the manner of the foregoing paradigms. Therefore, as 
it is desirable to balance the forces as correctly as practicable, it will 
be advisable to effect the rectification by such regulation of the 
pressures as will accomplish this result. 

In providing for inertia so far, it will have been observed that 
the figures representing the pressures of inertia in the third line of 
each paradigm are reciprocal in each of the corresponding divisions 
from the centre to the end. A simple method of arriving at the 
relative amount for each of the five divisions of the right and left 
hand halves of the paradigm, is to ascertain the mean initial pres- 
sure required for this purpose, and, having ruled a straight line on 
paper, and divided into 10 equal parts, measure with the pressure 
scale at one extremity of such line, and at right angles with it, the 
distance in pounds pressure required : then rule from this last point 
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a line intersecting the first one, or horizontal line, at half its length, 
and the distance apart of the two lines will be equal at both 
ends, and also at every other point equidistant from the middle, 
where the point of intersection occurs. The division lines for 
giving 10 spaces must be ruled at right angles with the horizontal 
line; and the presisure scale being applied at right angles also, in 
the middle of each space, will give the amount of inertia pressure to 
be placed there for addition or subtraction, according as it may be 
the place of retardation or acceleration. 

As the angnlar vibration of the connecting rod generates a 
differential speed in the piston greater at one end of the cylinder 
than the other, a modification of the method just described will be 
needed to give the true incidence of pressure. It has been stated 
that the greatest velocity of the piston is at the end of the cylinder 
farthest from the crank. If the connecting rod be three times the 
length of the stroke, the highest velocity is attained when the crank 
is at 85*5 degrees from the centre line, and when the piston has 
reached the point 4*6 : 5*4 in the course of its stroke. Now the 
difference in the average or initial amount of force will be inversely 
as the difference of 85'5® and 94'5® at back and front of the cylinder. 
This difference obtains in the highest degree at the extremities. 
Whatever may be the amount of the mean initial pressure of inertia, 
the difference will be found by adding one-tenth of the amount at 
the end where the maximum velocity is acquired in the shortest 
distance, and subtracted equally at the opposite end. The decrease 
in the difference of pressure required as the distance increases 
equally from the two extremities is rapid, so that at 0*3 from each 
end the difference has been reversed, and the end of the cylinder, 
which, at the extremity requires the greater force to produce ac- 
celeration or retardation, at this point requires the less. 

Notwithstanding such difference in the initial and terminal forces 
required for acceleration and retardation, yet the sum of the forces 
required is the same on each side of the point of highest velocity. 
The difference is in the distribution of such forces. Whatever force 
is required to impart a given speed to a given mass, the same amount 
of force must be given up again on being brought to a state of rest ; 
the amount of energy in a given mass, at a given velocity, is a 
definite quantity ; and whether the mass be brought to a state of 
rest in a longer or shorter space of time, it will yield the same 
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amonnt. No acconnt is here taken of friction, becanse it does not 
enter into the operations here under consideration. Friction is a 
separate and distinct question. 

With the piston of a Steam Engine, the force (or pressure) re- 
quired to overcome the inertia of rest, and produce the acceleration 
of motion, is as the square of the angular velocity (number of revo- 
lutions), multiplied by the length of crank for any given weight of 
reciprocating parts. It is quite clear that the pressure per square 
inch will then be governed by the area of the piston. Let us suppose 
an Engine with an angular velocity of 50 per minute, a stroke of 
6 feet — being a radius of crank of .2-5 feet, — a piston of 300 inches 
area, and weighing, together with all the reciprocating parts, 
2,000fts. Here the pressure of steam required to give the initial 
motion will be 181bs ; and will equal an average of 91bs to give the 
necessary acceleration. 

Now let us suppose that the same Engine is doubled in speed, — 
it will have twice the number of revolutions per minute, jind its 
piston will pass through twice the distance in a given time, and it 
will have twice the maximum velocity. But the initial (and also 
average) pressure required will be more than double the former 
amount. The force required being as the square of the velocity, the 
initial pressure of inertia will now be 18 x 4 = 72lbs per inch. 

Suppose now that we have an Engine of the same area and weight 
of piston (and all reciprocating parts), but with a stroke of 2 feet 
6 inches, and an angular velocity of 100 per minute. In this case 
the number of feet passed through by the piston and the crank pin, 
per minute, would be exactly the same as with 5 feet stroke and 50 
revolutions. The pressure required, however, would be twice as much 
. — because the force necessary to overcome the inertia of rest, and 
impart the acceleration, being as the square of the angular velocity, 
multiplied by the length of the crank, — so, as the square of 100 
is 4 times the square of 50, and the length of the stroke here is only 
half of the two former cases, the force required will be four times, 
divided by two, or twice the amount ; or, taking it in pounds pres- 
sure per inch, it will be 



18 X 4 
= 361bB. 
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The oonclasion arrired at is as shown in the following cases :— 
l$t. — For a given number of revolutions per minute, a given length 
of stroke, a given area of piston, and a given weight of 
piston and reciprocating parts, — the force required for 

inertia will be 1. 

2nd. — For the same area and weight of piston, &c., but with half 
the length of stroke, and double the number of revolutions 
per minute — and therefore having the same maximum 
velocity of piston as in the first case,— the force required 

will be 2. 

3rd. — For the same Engine as in the first case, with every factor 
remaining the same — except, that the number of revolu- 
tions shall be doubled, — the force required will be 4. 

Above, we arrived at the conclusion that the amount of force 
necessary to generate a given velocity in a given mass, would be the 
same whether the time occupied in accomplishing it should be longer 
or shorter. The second of the three cases just given shows that the 
force required is twice the amount for the same velocity of piston, 
when the angular velocity of the fly wheel is doubled. Here is an 
apparent contradiction, which involves either a paradox or an 
absurdity. Let us endeavour to find the solution of the problem. 

In connection with the paradigms of diagrams already given, it 
will be remembered that the amount to be deducted ^m the pres- 
sure in the steam line during the first half of the stroke, and which 
is absorbed by the vis-inertia of the piston, &c., up to its mftTiTnnni 
velocity, or middle of the stroke, — and the vis- viva, or stored up energy 
of the piston, given up again during the second half of the stroke, — 
would be correctly (or nearly so) described by a straight line of a 
given length in 10 divisions, intersected exactly midway by another 
straight line, which would thus be equidistant at each end from the 
first, or horizontal line, and at such distance as the initial pressure 
required. Thijs, one half would give the minus quantity, and the 
other half the plus quantity. Whatever may be the length of stroke, 
speed, weight, and area, the mean pressure will be described in this 
way — merely changing the amount of the initial pressure, thus de- 
scribed, according to the requirements of weight, speed, &c., — all the 
spaces in the paradigm being measured by the same scale. The 
first and second cases given above, when worked out in this manner, 
would still show the initial forces, and also the sums of the forces, 
AS 1 and 2. 



2jS5 

^ inijpoTjjWit ^!&pm^ poWPW^ ^^7^^ *o pP }?i^9^9§Ifp^ .9ft? 
the calcalatioD. 

Altljpijigh th^ initial, ^pjw ^^qpired ifi the .^qond, c^e^^^ ^uble 
that of the first ; and althp\;igh the diagonal Une (the ii^j^trnJiSfif) 
froja the point of initial force, or pj^essnre, will xjffi ^tr/^ff^ ai|d 
intersect the hori^sontal line in the middle as l>efoi:e. 9f^ w^l th^re- 
fore produce a triangle of double the ,^a of t^e fi^t,— -if thei^a^e 
length on its base line ; yet, as in the first case the citrokie js,tyfd,9(^ 
the length of the second, so the base li9e of this triangle iirpifit be 
twice the length also; and thn^s, with only half the. j>^rpen^cular 
height (inii^al force), but with twice the length, ttie.ai;fa will hp 
exactly t^e saine. And so with the 9iun of the forcess jreqmrdL.to 
produce a given Telocity in a giyen mass. M.^ velocily att^j^ned 
is the same, then, when more time haA.bepn occupied vol Attsgining 
such Telocity, the distance passed thrQi:^h nmst be.jgref^ter. -The 
simple solution of the problem is, that as in the first case, there are 
twice the number of units of length j^assed through before the 
maximum velocity of the piston is attained, therefore, pn^y.Jialf j^he 
force (pressure) is necessary for each unit of di^tanqe. ,Tinie.^pd 
distance are equivalent in their relation ^^^e yeloc% p(f j^tfm 
as here defined, because, whatever greater. l^f|;th of tijme^s .QOC|^(ii|ed 
by the piston in acquiring a giyen velocity, a c0i7es(MQndj^ly g]^^^^ , 
di0tance must necessarily be passed thrQi;igh« 

The principles here laid do;^ . will lead .to tl^e . qo^clfsion, ^^ 
whether the distance be infiiiitely great or infiniteaimally bdb^ i)a 
which a given velocity pf a given weight may , be ii^pacted lojc.^eaxffil^ 
it will absorb, and yield again, the sc^aea^xo^t off^^, ,7^]^^ 

be tr^ie ui.a large.and coipprehen^ye^^Q9e,but^^t^m 

to the, particular subject -in h{uid---the transpussio;i.pf ^^^^ " 

hnpar^d, without loss by tr^niimutati^n into ptlifr Ipinjis fU^Pff^' 

Such transmutatipn of energy ^ ie Ji^rp wpKei^, .^1 .^pu^t^i^a!^ 
take place to some extent, if the arrangem^];^ts^ not suc^ ^ ^^g|^d 
against it. It is therefore in^rtant that the .subject dioidd b^ ^dl 
understood. Little, if any, loss need occur in a. well arranged Com- 
pound Engine. 

Not every reader will have clear ideas presented to him by ^/k^ 
of the words used in treating this question, j^d,. t^e^i^^^ it 
may be desirable to define such words as they reflate to ^ ^y^,^(^ 
motion, and especially in their application to j^e JBifit^^^ff[ ^i^^^g^g^^ 

' " l2 '' ^ ...... . 
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&c.| of the Steam Engine, ao as to make the treatment as clear as 
possible. 

Above, it has been stated that the amount of force required to 
oyercome the vis-inertia of the piston, &c., will be as the square of 
the angular velocity. Now, the force here will be represented by a 
proportionate pressure of steam on the piston. But for this opera- 
tion the steam must be supposed to exert its pressure during half the 
stroke only, — and during the acceleration of speed, — ^and when the 
TnaxiTnnm velocity has been attained, to cease to act. This force 
which will be of a given amount for each unit of the distance 
(that is, half stroke), must be conceived to have its initial pressure 
double its average pressure, and to diminish uniformly to the point 
of maximum velocity, where such pressure, or force, is supposed to 
cease. The resistance of the piston, to motion at first, and, at 
every successive point, to increase of velocity, is called its vis-inertia. 

The piston having now acquired its maximum velocity, it 
receives no further force, nor will it give out again its accumulated 
energy unless its velocity be retarded. Science teaches us that a 
body in motion will continue eternally at the same velocity, if no 
resistance be encountered ; and that a body at rest, will remain so 
eternally, if no force external to itself should act upon it to produce 
motion. This persistence of a body to continue in a state of rest, or 
a state of motion (of any velocity whatever) indifferently, is called 
inertia. The persistepce of a body in motion when any resistance 
operates, is its energy, momentum, vis-viva, or living force. The 
amount of such inertia in the piston of the Steam Engine we shall 
have to consider and determine. 

In the suppositious cases of Engines, given a little way back, the 
first and third cases give the difference in the force required by the 
vis-inertia of the piston, as the square of the velocity. Now, in 
these cases the comparative velocities are relatively the same when 
referred to the angular or to the rectilineal velocities. If we try to 
take a measure of the amount of force by the measure and pressure 
of steam required by the vis-inertia, we shall be able to arrive at a 
clearer conception of the nature and measure ol the operation of 
the law. 

Taking for granted just now the correctness of the calculated 
force required in case 1, let us ascertain why four times the 
amount is required in case 8. tn the latter case we have twice 
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the speed ; tjid, as .the piston has only occupied ?ialf the time in 
attaining the maximnm yelocitj, then twice the former amount of 
force would be consumed in imparting the same velocity (when im- 
parted in half the time); but, as the maximum Telocity is double 
what it was before, then the force requires to be doubled again. The 
amount offeree per unit of length of the piston's motion, to the point 
of maximum velocity, must be meo&xired, first, by the time occupied 
in acquiring any given velocity ; and second, by the velocity attained. 
It is quite evident therefore, that as a double velocity is attained in 
half the time, a force of four times the amount for the interval of 
time during which it id actings and for the distance over which it is 
acting, will be necessary. 

Can we ascertain the amount of force consumed, in terms of the 
measure of steam required ? Let us see. 

Bemembering what has been said concerning the true conception 
of the action of the steam in this connection, we may proceed at 
once to the computation of the theoretical consumption, — because, 
as already indicated, we are considering an operation which cannot 
obtain in practice, but still desirable to be conceived (as an abstract 
opert^tion) in order to arrive at a true estimate of the measure of 
force. As steam constitutes the fgrce applied to overcome the 
inertia of the piston, then, as four times the intensity of force is 
required, so four times the pressure of steam will be required, which 
will be four times the quantity for each stroke. But the speed has. 
been doubled, and therefore twice the number of strokes will neces- 
sarily be made during the same interval of time, so that the four- 
fold quantity of steam has yet to be multiplied by two, making an 
eightfold consumption necessary for a twofold velocity. This may 
seem to be a very surprising fesult, and one which deserves some 
further investigation. That it is true need not be doubted. 

Why is all this force required, and what becomes of it ? 

It is required, ^rs/, because the maximum velocity being attained 
in time 0*5, requires double the force which would be required in 
time 1*0 ; second, because double the velocity being attained in 
time I'O, double the force is required; and third, the number of 
times which the maximum velocity is given, in a given interval of 
time, being doubled also, the consumption of force, compared with 
the first case, will be as 

1:2x2x2 = 8, 



during any given interval of time. Bemembering that the vis- 
inetiiia and the viB-vivk are reciprocal and equal, it is cleaa- 
then, that whatever fbrc^ is absorl^ed By the former, will Ik 
git^ up again by tlie latter; then, as the vis-ikertia al:^rl]lB 
eight times the amount of force in cas^ 3, which is iidqiiir^ in 
Case 1, so will tUe vis-viva give up again, in the form of motibn 
(or otlierwise), eight times the amount of force. If th^ speed 
shoidd be tripled; then the force required i^r unit of length passed 
thrbttgh by the piston; wdtdd be as 1 : 3 x d = 9 ; and H^ sum 
of the fbt^; as meakitrdd by the quantity of steam reqtdred during 
a given ii(i;el*val of time, would be as 

1 : 8 X 8 X 8 = 27. 

Coming now to the consideration of the applicatioil of the laws of 
motion to the diiference of velocity, or rather the difference of tims 
during which a given velocity is imparted, at the two ends of the 
cylinder, we shall be able to present the clearest views by illustrating 
in a series of paradigms. If we calculate for a connecting r6d of 
three times the length of the stroke, it will be sufficient h^re, because 
this will serve as a guide in the calculation for any other proportion. 
The time occupied by the piston in e^quiriiig the inkximum velocity, 
at back and ^nt, or bottom and top, is as 9 : 10 nearly. The 
point of stroke at inaximum velocity is 4*6 : 5*4. In order to have 
the sums of the forces at each end equal, the point on the diagram 
of inertia^ where th^ diagonal lines intersect, must be at 4*5 : 5*5 of 
its lengtli ; and the depth representing the amount of pressure being 
inversely as the proportionate lengths, the sums of the forces at each 
end will be equal. Straight lines do not represent eractly the 
changes in the amount of force for every unit of length, but if drawn 
as just described, and as illustrated by Diagram of Inertia on page 
270, they will be sufficiently accurate for calculations for the object 
under consideration. 

For an illustration we will take diagram No. 18, so that when 
the result is presented, it can be compared with that given in 
Paradigm Ko. 4. We will give the same figures in the second^ or 
steam pressure line ; and in the' third line^ which represents the 
pressures of inertia, we will give the figures which represent the 
amount of the force in each space. The calculation shall be made 
for the same velocity, area, weight of piston, (&c., as in Paradigm 
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No. 4. The maximum velocity of the piston is at the rate of 12*566 
feet per second. As gravity would give a velocity of 10*062 feet per 
second, theti ad 



10-062 : 12-566 :: 1*0 : 1-249; 



therefore— 



2600 X 1-249 
530 



= 6-127 VbB per inch, 



which is the average of the pressure required for the mean of both 
ends. The amount must be doubled to give the initial and terminal 
pressures, so that these will be 6*127 X 2 = 12-254 lbs. This pres- 
sure will require to be increased at the end of the cylinder having 
the shortest dis^ce to the point of maximum velocity (for connect- 
ing rod of three times the length of the stroke) in the ratio of 10 : 
11, and decreased at the opposite end in the ratio of 10 : 9, what- 
ever the amount of inertia pressure may be. The pressures will now 
be for the extremities, — left hand of paradigm, 13*479 lbs, and right 
hand 11*029 lbs. If a figure be drawn like the following diagram of 
inertia (page 270), the spaces can be measured by the pressure 
scale. Let the perpendicular height first be determined by the 
scale, and the hypotenuse at each end drawn to intersect the 
horizontal line at the point 4-5 : 5-5. 

12. — Pabadigm of Diagram No. 13 (3rd) Back. 
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13. — Pa&adigm of Diagram No. 13 (4th) Front. 
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Paradigms Nos. 12 and 13 represent both ends of the cylinder; 
the first of them having the initial pressure of steam to the left 
hand, — ^being the end of shortest distance, — and the second havix^ 
the initial pressure at the right hand. 
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The diiDference in the amonnt; of inertia at the two ends will be 
more stiikinglj displayed if we present Diagram No. 20 in the same 
manner, adopting all the data given for Paradigm No. 8. 
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The inoidence of pressure is here even more yaried than the steam 
pressure. No. 14 shows the incidence of pressure in spaces two and 
nine, as 8*5 : 86*5, or as 1 : 10*4 ; while No. 15 shows the 
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corresponding QMtoeB as 6*5 : 39*5, or as 1 : &'07. If the connecting 
rod shonld be shorter than here assumed, the^ th^ difference at the 
opposite ends wonld be still greater. In Direct-apting Engines the 
connecting rod jerj rarely exceeds three times tixe length of the 
stroke (which is the proportion adopted for these ^ calculations), but 
is more frequently two-and-a-half times, and ofljen still shorter, — 

» 

sometimes eyen less than twice, as the writer ;h^ ^witnessed. When 
such is the c^se it is easy to understand the unsteady and eren 
yiolent motion of the Engine when running at a high speed. A 
great amount pf compression is necessary wJ^en so much energy is 
deyeloped at the termination of the stroke aa is seen in Paradigms 
U and 15. 

The pressu;res of inertia, which are given in the third line of each 
paradigm, will b^ found by the following method : 

Ascertain the maximum Telocity in feet per second of the piston. 
Then ascertain t^e mean time required to attain such velocity. Next 
ascertain the velocity produced by gravity in the same time. Then, 
as the velocity produced by gravity is to tjhe actual velocity of the 
piston, so must tjhe weight of the pistoD and all the reciprocating 
parts be to the force required. This force, expressed in pounds, 
being divided by the area of the piston, will give the average pres- 
sure in pounds per inph on the piston ; thi^ amount being doubled, 
will give the initial and terminal pressures in pounds per inch, which 
represent the forpe. 

In order to cprrect this mean pressure {;o the required difference 
*at the two ends, for a connecting rod of three times the length of the 
stroke, increase Ijhe initial inertia pressure at the left hand in the 
ratio of 10 : Ijl, and decrease it at the opposite end in the ratio of 
10 : 9. G()nstruct a diagram of inertia similar-to the one given on 
page 270. Mark by the pressure scale on the perpendicular line at 
eacii end, a point from which, to draw the hypotenuses, each of which 
must join the honzonM line at 4*5 : 5*5 ; if ;the diagram of inertia 
be divided into 2^0 eqpl spaces, this point will ,be at 9 : 11. This 
latter number of divisions will be the better, as the units of length 
on each side the point of intersection will then be correctly pro- 
portioned, — ^giving 9 and 11. Wlien these spaces are measured by the 
pressure scale, the sums of each end will be found equal. 

The time occupied in acquiriDg the maximum velocity, as pre- 
viously stated -is as 9 : 10, but the intensity of the initial forces is 
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as 9 : 11. This arises from the fact, that at the end of shortest 
distance, the initial acceleration is still more rapid than the re- 
latively shorter distance traversed, and that at the opposite end the 
acceleration is more nearly uniform during the first quarter of the 
stroke ; and therefore, in order to represent the inertia nearly correct 
graphically, by straight lines, it is necessary to shorten the base and 
lengthen the perpendicular at the left hand, and lengthen the h,^se 
and shorten the perpendicular at the right hand, — just so much 
that the hypotenuse at each end shall give the mean of the actual 
inertia, which can only be accurately described by curves. The real 
difference between the two extremities is somewhat greater than is 
showii by the diagram of inertia constructed on the rule here 
proposed. 

This will be sufficiently correct, however, for all practical pur- 
poses, and will be found very convenient for use. as it can be worked 
out with the greatest facility, and with certainty. 

If the connecting rod be two-and-a-half times the length- of the 
stroke, the diagram of inertia will require the hypotenuse to inter- 
sect the base line at the point 4*25 : 5'75 ; or, if divided into 20 
spaces, at 8*5 : 11*5 ; and the perpendicular Hues must be changed 
from the mean initial pressure in the same proportion inversely. 

The reader, whose experience may have been limited to the 
Beam Engine, or whose ideas may be associated with the Direct- 
acting Vertical Engine, will perhaps have wondered why the illus- 
tration of the subject should have been confined (or nearly so) to 
the Horizontal Engine. In order to represent the operation of the 
laws in the simplest manner possible, and divested of all unnecessary 
complication, the Horizontal Engine presents the best arrangement 
for such purpose. Here the whole mass of the reciprocating parts is 
free from the influence of gravity, so far as the operation of the laws 
of motion which have been under consideration. The parts are 
perfectly balanced, inasmuch as, when at rest, there is no tendency 
to move by their own weight. Whatever may be the weight of the 
reciprocating mass, the same amount of force will move it in either 
direction equally. To correctly illustrate the operation of the laws 
of motion, the reciprocating parts of the Horizontal Engine may 
properly be regarded as a weight suspended at the end of a cord of 
infinite length, and perfectly free to move without friction, — the 
whole mass moving the same distance, and therefore free from the 

ii2 
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complication of having portions of the mass moving at differeni 
velocities. 

The Direct-acting Vertical Engine, even when all its recipro- 
cating parts move at the same velocity, does not meet the condtMons 
for illustration so well as the Horizontal Engine, because the action 
of gravity is in the line of motion, and operating necessarily in one 
direction, thereby diminishing the pressure on the crank pin below 
the average pressure of the steam during the upward stroke, and 
adding thereto during the downward stroke, by the weight of the 
reciprocating parts. Equality in the incidence of pressure daring 
the upward and downward strokes, — considering just now only the 
average, or aggregate, of each, — may be obtained by one or other of 
two distinct principles. The first, and certainly the best, would be 
to balance the weight of the piston, &c., by a beam having an equal 
weight at an equal arm, in the manner of the Beam Engine ; or, if 
the free end of the beam should be shorter, which would be prefer- 
able, then the balance weight should be correspondingly increased. 
This arrangement would place the piston in equilibrio when not 
subjected to a pressure of steam. As the weight of the reciprocating 
mass will by this means be increased, so the sum of inertia will like- 
wise be increased. 

The best plan by which this principle could be carried into 
practice, would be to make the counter-arm of the beam of half or 
one-third the length of the other, as may seem best or most con- 
venient, in any particular case, and attach the air pump to it. If 
this beam be made of wrought-iron plates, its weight will bear a very 
small proportion to the weight at the extremities. To whatever 
amount the air pump, and the weight of water lifted at each 
stroke, shall come short of that required to balance the piston, 
&c., it will be necessary to make up the deficiency by a dead weight 
on the extremity of the counter-arm of the beam. In the case of a 
pair of vertical cylinders working compound, the best plan probably 
would be as just described, but having two condensers, one attached 
to each beam; and this would give the advantage of withdrawing the 
water once for each stroke of the condensing cylinder. By having 
the cranks at right angles they would of course not lift at equal 
intervals, but this is a circumstance of only secondary importance. 

Another principle on which the weight of the piston, &c,, in the 
Direct-acting Vertical Engine may be balanced, so that an equal 
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force at top and bottom shall be communicated to the crank, consists 
in giving a greater pressure of steam during the upward stroke, — 
puch as the weight may require. To put the question in the con- 
crete form, let us suppose the case of a Vertical Engine of four feet 
stroke, with a cylinder of 25^ inches diameter = 500 in area, and 
having a piston, &c., of 2,000fcs weight. A very general Arrangement 
of the Direct-acting Vertical Engine consists in having a guide beam, 
which is made to serve as the parallel motion for the piston rod, and 
to work the air pump in addition. These are so placed as to 
increase the weight of the reciprocating parts, and when, besides the 
weight of water lifted at each stroke, they are added to the piston, 
rod, and connecting rod, the total weight will then be more than 
just assumed, and all operating in one direction. Say the power 
requires a mean average pressure of steam of 12ft)S per inch. 
The weight being 2,0001bs, and the area 500 inches, then the 
weight will be equivalent to a pressure of steam of 4lbs per 
square inch on the piston. Therefore, whatever may be the pressure 
of steam, 4lbs will require to be added for the downward stroke, and 
4lbs. deducted for the upward stroke, to give the pressure exerted on 
the crank pin. The result will be correctly represented as follows : — 

Steam Equivalent of Pressure 

Pressure. " Piston, &c. on Crank. 

Top 121bs + 4lbs = l€lbs . 
Bottom 121bs — 4lbs = 81bs 

It is clear then that to give an equal pressure on -the crank 
during each stroke, a rectification would require to be made thus : — 

Steam Equivalent of • Pressure 

Pressure, Piston, &c. on Crank. 

Top 8lbs. + 41bs. = 121bs. 

Bottom 161bs. — 41bs. = 121bs. 

We are not forgetting the fact that another alternative is 
generally adopted, with a view of counteracting the eflRsct of the 
gravity of the piston, &c., viz : the weighting of the fly wheel at a 
point opposite to the crank. This method is objectionable in a 
greater or less degree in every instance ; and it is especially so when 
.the speed of the Engine is considerable, as it generates a large 
wnount of centrifugal jSarce, which produces ^ very unsteady motion 
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of the fly wheel, and caases serioag -and dangerons vibration in all 
parts of the Engine. Snch method of balancing may not produce 
any sensible amount of centrifugal force, and consequent vibration, 
wKen the framing, &c. of the Engine is very strong, and the speed 
very slow, as then it is little more than a balancing of ascending and 
descending weights. ^ * 

As the amount of centrifugal force is as the square t)f the velo- 
city, divided by the radius, for any given mass ; and as such centri- 
fugal force is^ equal at every degree of the circle ; it follows then 
that the balance weight on the fly wheel must serve to counteract 
the effect of gravity in the reciprocating parts, and at the same time, 
to be truly efficacious, the reciprocating parts should, through the 
connecting rod, generate a centrifugal tendency in the opposite direc- 
tion to that of the balance weight, and equal, at every degree of the 
circle. But this is not so, and cannot be. Only at, and near, the 
termination of the stroke, and therefore at 0° and 18(J** of the circle, 
can the motion of the piston, &c., counteract and neutralize the 
centrifugal tendejicy of the • balance weight, even approximately. 
During the greatest part of the revolution such counteraction does 
not prevail. The centrifugal, or outward radial force, of the recipro- 
cating mass, where too great, can be lessened to any desired extent, 
by compression of the steam, or where necessary, by the suitable 
admission of the steam before the termination of the stroke. It is 
quite clear that if a balance weight be required on the fly wheel 
of a Vertical Engine to counteract the centrifugal force of the re- 
ciprocating mass, and if such result be accomplished thereby, then 
it will be equally necessary in the case of the Horizontal Engine. 

And where will be the counteracting tendency of the piston, &c., 
to the centrifugal force of a balance weight, when the effort on the 
crank is in the direction of the axis of the fly wheel ? Beyond doubt, 
such a plan of balancing the weight of the reciprocating parts is 
altogether wrong in principle. 

If we suppose the Engine last introduced for illustration to have 
a speed of 50 revolutions per minute, then the centrifugal force 
of a balance weight of 2,0001bs, at a radius of 2 feet, will equal 
8406lb8. As a balance weight would be more conveniently placed at 
a greater radius than 2 feet, we will- assume that it is placed at a 
radius of 8 feet. This being four times the radius of the crank, 
then 2,0001bs -r 4 = 500lbs, which would at 8 feet radius be re- 
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qaired to balance the weight of the piston, &o. The centrlfdgal 
force will be exactly the same as before. If the speed should be in- 
creased to 60 revolutions per minute, then the centrifugal force 
would amount to 4,9041bs; and at 40 revolutions per minute, it 
would only be equal to 2,1801bs. No one need be surprised at the 
dangerous amount of vibration and jarring which obtains in the 
working of many Direct-acting Vertical Engines, having balance 
weights, and running at a high speed. 

The balance of weight will not be equivalent to the balance of 
forces, because the motions are different in kind. The weight which 
should properly be added to the fly wheel at the point opposite to 
the crank, must be simply to counteract and neutralize the centri- 
fugal force which would be generated by the crank and connecting 
rod, if such provision were not made^ If it were necessary to 
balance the weight of the reciproc'ating parts by a counter weight on 
the fly wheel, for the purpose of equalizing the centrifugal force, 
then it would be equally necessary to increase such weight as the 
pressure on the crank — and consequently as the pressure of steam — 
may be increased, because weight and pressure in this relation are 
exactly equivalent and coincident. What could be the difference in 
the effect on the rotation or steadiness of the fly wheel, between 
having, as in the case just supposed, an equal pressure of steam at 
top and bottom, with the gravity of the piston, &c., producing a 
double effective effort during one stroke over the other, and a 
horizontal, or any other balanced Engine, with the average steam 
pressure twice as much at one end as the other ? Yet this latter is 
a condition which is frequently met with, and though an inequality 
in the rotative effort will certainly be the result, it will not be sup- 
posed that centrifugal force will be generated which will require a 
balance weight on the fly wheel to counteract and neutralize it, 
because, if so, such weight would only be necessary during one 
stroke, or half a revolution, which is a condition impossible of attain- 
ment. And if such balance weight be intended only to equalize 
the rotative effort on the crank during each stroke, by reason of the 
inequality of the pressure of steam, then, for the Horizontal Engine 
it must be placed at an angle of 90^ with the crank, and its weight 
must be equal to the difference of pressure multiplied by the area of 
piston. If the effort of the piston on the crank generate centri- 
fugal force, then the Horizontal Engine will require a balance 



97% 

weight equally "with the Vertical Engine; if such weight have the 
eflfect (Jf counteracting the assumed centrifugal force. Moreover, 
the centrifugal force by such a principle, would increase with the 
increased effort on the crank, so that an increased pressure of steam 
would require an increase in the balance weight. 

That the effort on the crank tends to move the axis of the fly 
wheel from its point of rest, or centre of motion, is undoubtedly true. 
This tendency can only be counteracted by having two cranks at 
opposite points, that is, at 0° and 180°, and as close together as 
possible in the line of the axis, with the efforts thus in the opposite 
directions, and equal, at any one instant of time. However irregular 
and unequal then might be the pressures and the efforts, if only 
simultaneous, it is perfectly clear that a balance weight on the fly 
wheel would not be eithljr necessary or useful. 

The contemplation of the principles just presented to view will 
lead to a clearer understanding of the cause of the unsatisfactory 
working of many Direct-acting Vertical Engines, and the disfavour 
with which, as a consequence, this class of Engines is regarded by 
many people. The Beam Engine being balanced, it has a close 
correspondence in the essential points just discussed, with the 
Horizontal Engine. 

The calculations of inertia have been limited to the Horizontal 
Engine, in which the whole weight of the reciprocating parts passes 
through the same distance. The law is the same when applied to 
Beam, and other forms of Steam Engines, in which some portions of 
the reciprocating parts move at different velocities. In these cases 
it is necessary, before making the calculations in the inanner of the 
foregoing paradigms, to reduce the inertia to the driving point; that 
is, the whole mass must be corrected for the velocity of the piston. 

The above discussion of the questions of centrifugal force and 
the Direct-acting Vertical Engine, may seem to be an unnecessary 
digression &om the main subject of this chapter ; but being closely 
associated with one of the vital questions illustrating the superior 
advantages of the Compound Engine, it seemed useful, if not neces- 
sary, to treat the question of centrifugal force in connection with the 
Vertical Engine thus far. Besides, the questions are correlated in 
another way to one general, fundamental law. Whatever tends to 
disturb the free, smooth, and even motion of the various portions of 
the Engine; or creates unnecessary friction; or destroys the proper 
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balance of the forcee, so as to generate conflicting efforts ; all such 
conditions lead to a waste of power, by causing some additional 
portion of the energy of the steam to be transmuted into heat in the 
frictional parts of the Engine. 

We will now give a table on Compounding according to our rule 
of proportion, with a full description following. 

An examination of this table will be highly interesting and in- 
structive. It is based on the law of proportion, and the calculations 
are made on the rule given on page 231, so that the reader may 
verify for himself any of the figures herein contained. . All the data 
being given, there cannot be any diflSculty in the matter. The 
table will be found of great advantage to all persons who may be 
contemplating the erection of Steam Engines, as it will enable them 
to see what dimensions of cylinders to adopt for any given pressure, 
and amount of power required. 

The pressures of steam given in the table range from 35 to 
1451bs above atmosphere ; and, with the atmosphere added, which is 
absolutely necessary for all calculations, the initial absolute pres- 
sures are from 50 to IGOlbs per square inch. The terminal pressure 
in every column is placed at 7'5lbs, or half on atmosphere, which 
we consider about the best as the basis of calculation. 

The first line in the table gives the pressure of steam above 
atmosphere; the second line gives the atmosphere at 151bs; the 
third line gives the absolute initial pressure. The fourth line gives 
the terminal pressure, which is the same under every degree of ex- 
pansion. All these calculations, it should be observed, are based on 
the law of Marriotte, which is, that the pressure is as the inverse 
ratio of the volume. The fifth line gives the number of expansions, 
which means here, the number of volumes to which the initial 
volume is expanded. The sixth line gives the square root of the 
number of expansions. The seventh line gives the point of cut off 
in each cylinder, which, it will be seen by reference to rule, is de- 
termined by the number of expansions. The eighth line contains 
the hyperbolic logarithm, with 1 added, of the figure which re- 
presents the number of expansions in each cylinder of the Compound 
Engine. 

The number of expansions in each cylinder of the Compound 
Engine is the square root of the tibtal number of expansions. This 
hyperbolic logaritiun number (and which has 1 added) when multi- 
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plied by the tenninal pressui^e m the cylinder which is being calcu- 
lated, will give the average pressure throaghout the stroke. Having 
by this logarithm obtained the average pressure, the back pressure 
must be deducted from it, and the remainder will be the average 
Effective pressure on the piston. The amount of back pressure is 
^sily determined. Whatever may be the terminal pressure in the high 
pressure cylinder, that also will be the amount of back pressure. The 
back pressure in the low pressure cylinder, is in every case taken at 
Slbs, — being equal to a vacuum of 13fi>s, which is near the best con- 
stantly attainable result. 

The ninth line gives the terminal pressure in. the high pressure 
cylinder, which is the back pressure also, and likewise the initial 
pressure in the low pressure cylinder* The tenth line gives the 
average absolute pressure in the high pressure cylinder, — that is, 
^Iculated from the line of perfect vacuum. The eleventh line gives 
the average effective pressure in the high pressure cylinder, — being 
ihe amount in line 10, with the amount in line 9 deducted. Line 12 
gives the average effective pressure in the low pressure cylinder, — a 
back pressure of 21bs (eqaalling a vacuum of ISlbs) having been 
deduicted, so that tiie average absolute pressure would be 21b8 higher 
than the figures in each column. Line IB gives the area in square 
inches of the low pressure cylinder, which in all calculations on the 
power of Compound Engines, must be taken as the basis. This area 
^ fixed at 100 square inches under every pressure. 

In iftll calculations on the* comparative power of Simple and Com- 
pouud Engines, it is essential to remember this : — The condensing 
cylinder must be of the same area and speed of piston for a given 
.' initial and a given terminal pressure (and therefore of an equal 
number 6f expansions) whether a single cylinder, or* two cylinders of 
a Compound Engine be under consideration, — because the same 
quantity of steam will be consumed in one cylinder, in expanding to 
the same given terminal pressure, as if an additional cylinder had 
been used. The additional cylinder may seem to the uninitiated to 
give increased cylinder capacity, and therefore, if only the same 
quantity of steam be admitted, that it will expand to a lower 
terminal pressure in the low pressure cylinder. This, however, is 
not the case. It is necessary to bear in mind this fact : All the 
steam which exists in the high prepsure cylinder at the termination 
df ihi9 (Stroke, must pals into the low pressure cylinder, whioh will 

n2 
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then contain all the steam that it wonld have contained had the 
steam been admitted direct from the boiler. The additional power 
gained by the hip:h pressure cylinder, wonld have been gained equally^ 
if the same steam had been admitted into the one cylinder of the 
Simple Engine, as was admitted into the high pressure cylinder of 
the Compound Engine, — so far as the calculated power of the steam. 
In practice the calculated power is not approximated to equally under 
different conditions. 

Line 14 gives the area in square inches of the high pressure 
cylinder, which is to 100 (the area of low pressure cylinder) as the 
square root is to the number of expansions, — the latter being found 
in line 5, -and the former in line 6. Line 15 gives the H.P. of the 
high pressure cylinder, line 16 of the low pressure cylinder, and line 
17 gives the total H.P. of both cylinders of the Compound Engine. 
These powers are calculated on a piston speed of 500 feet per minute. 

Line 18 gives the point of cut-off for a Single Cylinder Engine, 
with the same number of expansions, the same initial, and the same 
terminal pressures, as the Compound Engine. The number of ex- 
pansions, of which the decimal numbers here are the reciprocals, will 
be found in the fifth line. Line 19 gives the hyperbolic logarithm, 
plus 1, corresponding to the point of cut-off, or number of expan- 
sions, which, being multiplied by the terminal pres&ure, gives the 
average. Line 20 gives the average effective pre8sure,-^being the 
average absolute pressure, minus 21fos back pressure. Line 21 gives 
the power of the Simple Engine, calculated on the same speed of 
piston as the Compound Engine, viz: 500 feet per minute. 

Assuming the length of stroke at 60 inches, line 22 gives the 
distance traversed in inches by the piston of the Simple Engine at 
the point of cut-off; and line 23 gives the distance in inches 
traversed by each piston of the Compound Engine at the point of 
cut-offl 

On examination of the fignres in lines 17 and 21 of the table, it 
will be seen that the calculated power of the Compound and Simple 
Engine are alike. The slight difference which will be noticed in the 
two sets of figures is in the decimals only, and is due &> the fact^ thai 
it is simply impossible to arrive at the same identical figures when 
working with interminable decimals. 

We will now illustrate the table for practical application. 

Suppose that it is intended to put down a new Gompoiind 
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Engine, and that 500 H.P. be required. Say it is determined that 
the boilers shall be worked at a pressure of 851bs per inch on the 
pressnre gauge. Let there be a margin of lOlbs between the boiler 
pressure and the initial pressnre in the cylinder. This will give us 
751b6 + ir)lbs = 901bs initial pressure on the piston. Look under 
letter E in colnmn, and the power will be found to be 36*5 H.P. for 
100 in area of condensing cylinder. Then, as the power required is 
500^ divide this by 36*5, and multiply the quotient by 100, and the 
product will be 1370, the number of inches area required for the low 
pressure cylinder, which will be equal to a diameter of 41*75 inches. 
Now take the figures in line 6 and column E, and divide the area 
of the low pressnre cylinder by them. Thus: 1,370 -7- 3*464 = 
395*5, which is the area required for the high pressure cylinder. Or, 
take this method, which will be more simple. As 500 H.P., divided 
by 36*5 H.P. = 13*7, so this latter must be multiplied by 100 co 
obtain the area of the low pressure cylinder, and by 28*868 (the 
number found in square 14 E) to obtain the area of the high pres- 
sure cylinder. 

As it might be thought desirable to have a pair of Compound 
Engines for this amount of power, then each cylinder would require 
to be half the area just found. 

We may illustrate in a more simple manner as follows : Look in 
square 17 E, and the power will be found to be 36*5 H.P. Now 
suppose that 365 H.P. be required, then the area of the low pressure 
cylinder will be 1,000 inches, — being 35*66 inches diameter; and the 
area of the high pressure cylinder will be 288*0 inches, and the 
diameter 19*3 inches. 

It will be self-evident that 365 H.P. amounts to ten times the 
power given in square 17 E, — so the dimensions in 13 E and 14 E 
required to be multiplied by 10 also. 

Take as another illustration column H in the table. Then, say 
400 H.P. is i-equired. Now, as 17 H shows 39*833 H.P., therefore 
the areas of the cylinders in 13 H and 14 H must be multiplied by 
10 to give the power required, — the amount of power thus given 
being really 398*33 H.P. If it be desired to adopt a Simple Engine 
of one cylinder for the same power, then the same size of cylinder 
will be required as the low pressure of the Compound Engine. 

There is another essential element in the question of compound- 
ingy and especially so with the steam cut off in each cylinder accord- 



«I4 

isg to oar nde of proportion, oad as worked oat in the foregoing 
table, namely, a receiver between the high and low prefisnre cylinders* 
With Compound Engines arranged on oar principle^ a receiy^ 
is absolutely indispensable. It is required to equalize the baek prea^ 
sure on the high pressure piston, and the initial pressure on the 
low pressure piston. This receiver should be kept well coyered, so 
as to preyen.t as much as possible the condensation of the steam 
within. Indeed, if the receiver, and also the cylinders were jacketed; 
and supplied with superheated steam, a considerable saving would 
be effected thereby. For a study on Steam Jacketing see chapter 
on that subject. 

In the calculations of Compound Engines according to oar rale 
of proportion, and as exhibited in the table, page 280, the initial 
pressure^ in the low pressure cylinder, and back pressure in the high 
pressure cylinder, exactly coincide. This is correct for theoretical 
diagrams, but in practice this exact coincidence will not obtain. 
There will almost invariably be a slight falling in the pressure of the 
steam in its passage frqm the high pressure cylinder to the receiver, 
and from the receiver to the low pressure cylinder. This fall of 
pressure will vary much according to the circumstances of each case^ 

If the cylinders be made with large ports, and with valves whioh 
open full wide, quickly, and at the proper time ; if, also, the oylin- 
ders be steam jacketed at Bi4es and ends, and supplied with steam of 
high temperature ; if, furthermore, the receiver be surrounded by 
flues> or otherwise heated; — then the fall in pressure wijl be very 
slight. On the other hand, if the ports of the cylinders be small, or 
the valves do not open sufficiently, or not at the proper time ; if the 
Engine runs at such speed as to render the valve orifices insufficient 
&r the perfectly free passs^e of the steam ; if the cylinders be no4) 
surrounded by steam (in jackets) ; then the fall in pressure between 
one cylinder and the other will be proportionate to the degree in 
which these defective conditions may exist. 

When the steam issues from the high into the low preasure 
cylinder (or from, the receiver), it comesc in contact with surfaces 
which have just been exposed to the cooling influences, of the con- 
denser, and must therefore be condensed, and thus lowered in pre&- 
sure, if external means be not provided for preventing this. Steam 
jacketing the cylinders, and superheating the steam in the receiver, 
may be made to foUy qomt^acti soph tend^^cji. It m»f however 
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be eenoliided that osuBlly some fall of pressure will occur, as tiho 
neoesfiary conditions to obviate this will not often be provided. 
Though such &11 may* be expected^ its extent, as just pointed o«i, 
iriU dep^id on the oonstruotion. Some littie compensation will be 
found in th« terminal pressure in the high pressure cylinder, being 
above that dtie to the hyperbolic line from the point of eut-oJC 

This increased terminal pressure will arise from two causes '^-^ 
first, the fulcrum capacity of the cylinder ; and second, the initial 
condensation^ and consequent re*eyaporation, which will occur in 
ttie high pressure cylinder, whether it be steam jacketed or not. 
Thus a larger quantity of steam than shown by table will be sup^ 
plied by the high to the low pressure cylinder, so that the initial 
^essure here may quite equal that givenin the table. 

There is a question of considerable interest, and which it is im- 
portant to understand correctly ; a question on which Engineers of 
high reputation fall into serious error, and therefore a question 
deserving of some attention. It will have been seen that we have 
treated the pressures in the two cylinders of the Compound Engine 
as though no space whatever existed between them which the steam 
nrast always fill. When we find educated and practical Engineers 
eommitting the mistake of including all the space between the two 
cylinders, in addition to the capacity of the low pressure cylinder, aa 
the space which must be filled with steam at each stroke qf the 
piston, and supplied by that which is exhausted from the high pres- 
sure cylinder, then it would not be wise to ignore the question, or 
pass it by with slight remajk. Had it not been for the errors thus, 
existing, we might have deemed it to be altogether superfluous to 
enter into any detailed examination und discussion of the principles 
involved. 

If we suppose the cylinders to be in the ratio of 1 : i, we can make 
use of the theoretical diagrams given in this chapter, on ps^e 232*. 
by which we shall arrive at a clearer conception of the principles and 
mode of operation. 

By the proportions of the cylinders here adopted, the terminal 
pressure in the low pressure cylinder will be one-fourth the terminal 
pressure in the high pressure cylinder, if the fulcrum capacity in 
each cylinder bear the same proportion to its total capacity, and if 
the expansion follow the law of Marbioti^, or inverse ratio of pres- 
sore to volume. Further, the initial pressure will be inveirsely a» 
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the capacity of the space at the point of cut-off in the low pressure 
cylinder is to the whole capacity of the high pressure cylinder^ — ^less 
the loss by condensation or otherwise, as will be shown hereafter. 
The space between the two cylinders, — whether it oiay consist 
merely of a short length of pipes to convey the steam fix>Qi one to the 
other^ or of a capacions receiyer equal to ten times the capacity of 
the large cylinder^ — simply holds the steam stored np ready for use 
in the low pressure cylinder, when the valves shall open to receive 
it. Whatever may be the pressure in such receiver, the low pressure 
cylinder, if in proper condition, can only take in at each stroke a 
quantity corresponding with that discharged by the high pressure 
cylinder at the preceding stroke. 

If it be supposed that the steam filling the low pressure cylinder 
and the space between the cylinders is discharged into the condenser 
at each stroke, then the pressure in the second cylinder will be as 
far below that due to the ratios, as the capacity of such waste space 
is to the capacity of the cylinders. This would certainly be a very 
wasteful and objectionable method of working a Compound Engine. 

The space between the cylinders for the storage of steam^ which 
we call the receiver, does not necessarily consume any steam. 
Whatever volume and pressure of steam issues from the high pres- 
sure cylinder into the receiver, will remain of the same volume, and 
pressure, — provided that there be no condensation here arising from 
loss of heat caused by conduction and radiation. A receiver serves 
the useful purpose of equalizing the pressure of steam between the 
high and low pressure cylinders ; and just in proportion to iti 
capacity, relatively to the capacities of the cylinders, and the point 
of cut-off in the low pressure one, will the amount of jpressure ia it 
approximate to a constant equilibrium. That such strange and 
erroneous ideas as pointed out above should come to be entertained 
and persistently maintained, by enlightened Engineers, is one of 
those phenomena which are sometimes difficult to understand. It is 
a phenomenon which may be fitly placed in the category of popular 
delusions. 

That such a condition as the above idea implies, dpes sometimes 
exist, is beyond doubt, but that such condition is altogether un* 
necessary and injurious is equally certain. In the case of a Com- 
pound Engine in which the cylinders are some distance apart, and in 
which the induction valve of the low pressure cylinder is open the fiiU 
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length of the stroke, and having its ezhanst vaive opening at three- 
fodrths, or even earlier, as is Sometimes practiced, then the loss of 
power here will be great in proportion to the area of the ports through 
which the steam maj have to pass, the speed of the Engine^ and 
the pressure of steam issuing from the high pressure cylinder. 
This would be simply making use of the low pressure cylinder as a 
(boroughfiure from the high pressure cylinder to the condenser for a 
port of the steam, without being properly utilized. 

This question of the coincidence or difference of the back pres- 
sure line in the first cylinder^ and the steam line in the second to the 
point of cutroff, or initial pressure line, is well worthy of a little 
further consideration here. As a considerable difference is usually 
found to exist, it is believed by fnany to be invariable and inevitable, 
and is pointed to by those who are opposed to the principle of com- 
pounding as a proof of loss occurring in the Compound Engine 
which has no parallel in the Simple Engine. It is shown in 
another place that much of the difference of pressure, or ap- 
parent loss, is due to friction of the steam resulting from the 
insufficiency of the passages, and the great distance traversed. 
It has been shown how the loss arising from this source cati be 
reduced to a minimum. Another source of loss^ or reduction of 
pressure, is by the condensation of some portion of the steam 
on its admission to the low pressure cylinder. Let us examine 
the effect of this, and endeavour to discover whether the neces- 
sary result will be to create a difference between 4he initial pres- 
sure in the low, and the back pressure in the high pressure cylinders. 
Undoubtedly loss of steam will occur by initial condensation in the 
low pressure cylinder, — but does it necessarily follow that there will 
be a corresponding fall in pressure between the initial pressure here, 
and the inmiediate source of supply of steam. 

' Let us confine our attention just now to the Compound Engine 
OB our principle, and having a receiver of such capacity that its 
contained steam, if not furnishing an unlimited supply, will approxi- 
mate thereto, so far as the requirements of one stroke of the low 
pressure piston. The pressure in this receiver will thus correspond 
to an equal pressure in a boiler, and if a difference should obtain 
between this and the initial pressure in the cylinder, we know that it 
will be due to the insufficiency of the orifices through which the 
steam must pass. When the steam condenses on its first entranoe 
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iiito the cylinder by contact with the internal surfaces, its disap^ 
^^eanmce will be instantaneonsly sabstitnted by additional steam, 
which will maintain the eqailibriam, if the valre orifices, <&o.) be 
tetede feunple. 

A practical proof of this is given in connection with Biagrams 
45 and 46> on page 217, in which case the steam has fo travel a con- 
siderable distance along the pipes from the boilers to the Engines. 
Where the reservoir of supply is close to the cylinder, the equilibrium 
mVL be more easily attained. 

Suppose the capacity of the low pressure cylinder to the point of 
etit^off, — including fulcrum capacity, — is exactly equal to the 
kneasurement of the steam discharged from the high pressure 
cylinder at each stroke. Then, if no initial condensation takes place 
in the low pressure cylinder, and no fall in temperature occurs, thfe 
initial pressure here will coincide with the terminal pressure in the 
high pressure cylinder. But as a vfall in temperature by the per- 
formance of work, and a greater or less amount of condensati<Mi by 
contact with the metal, will inevitably take place where special 
provision for superheating the steam before- entering the low pressuie 
cylinder has not been made, let us assume that 10 per cent, (it majr 
be more) of the pressure available for supply, as discharged from thfe 
high pressure cylinder, has been lost, as shown by the reduced pres^ 
sure in the second cylinder to the point of cut-off. Suppose iib» 
terminal pressure in the first cylinder to be 25lbs, then, With 10 p^ 
cent, initial condensation, the initial pressure in the tocond cylinder 
woitild be 22*5fbs absolute. But at ;wfaat place may ^is ftll be e^ 
pected to oc6ur ? As already pointed out, if the valves be efficient, 
tiB. equilibrium will be maintained between the initial pressure in the 
second cylinder and the receiver, because when condensation occurs 
on the admission of the steam, a furthei supply will make up for tbe 
loss Suistained. This will have the effect of reducing ike pressure 
in the receiver to near the equilibrium of the initial pressure in the 
I6w pressure cylinder, and therefore will permit the high pressure 
(Cylinder tq exhaust on a line below its terminal pressure. 

The &11 in pressure which we have here indicated need not b^ 
t^garded with feelings of astonishment or of dissatisfaction. Although 
there is not a corresponding fall in pressure in the. course of expan- 
Idon 4n ^ Simple Engine, yet, as we have abundantly proved, ih^ 
ilftf^ak mumU qftmSmeoHon ^ finr jfreat^r. One reirit of tlM 
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fall in pressure in the manner just shown will be, that the high 
pressure cylinder will give a little more, and the low pressure 
cylinder a little less amount of power, than the proportions exhi- 
bited in the table on compounding, and so far there will be a 
closer approximation to equality, which will not be regarded with 
disfavour. 

As it is necessary that a variation of power should be provided 
for, it will be advisable to point out bow this can be accomplished 
in the Compound Engine which we have described. An examination 
of the table will phow that with a terminal pressure of 7'5ibs, an 
amount of power will be obtained varying with the initial pressure 
and the number of expansions. Now it will be a very simple calcu- 
lation to ascertain what will be the increase of power from a given 
increase of terminaf pressure. Take for example column F in 
table, with lOOifos initial pressure, and 13*333 expansions, — yielding 
37*75 H.P. If 7*5ft)S terminal pressure gives 37*75 H.P., then 
8*5ft>s terminal pressure, it may be supposed, will give a propor- 
tionate increase of power. Here it is necessary to guard against 
error. If there were no back pressure in the low pressure cylin- 
der, — that is, if in all cases the vacuum could be made perfect in 
the cyhnder, then the terminal pressure would bear the same pro- 
portion to the amount of power in all cases, with the same given 
number of expansions. By increasing the terminal pressure from 
7*5 to 8*5 in column F, the power will be increased from 37*75 to 
43*2 H.P. The difference between 43*2 and 37*75, is 5*45 H:P. It 
37*75 be divided by 7'51bs terminal, the result is found to be 5*033 
H.P. per ft) terminal. It follows that one pound, or any other pro- 
portion, of additional terminal pressure, Will give more than the pro- 
poirtion of power for each pound of the 7*5ft>s in the table. And so 
for every pound below the terminal pressure of 7*5tt>s^ a deduction 
of 5*45 H.P. must be made. 

It must be remembered now that in increasing or diminishing 
the te^ninal pressure for a variation of power, the increase of pressure 
will give a slightly greater, and the diminution, a slightly less, 
amount of power than the proportion of terminal pressure, — being in 
every case calculated according to the law of Makbiotte, and in 
every case having the same amount of back pressure or vacuun^i. 
That the higher terminal pressure should be found to give more 
economical results may at first sight seem surprising, and may seem 
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inconsistent with the conclasions arriyed at elsewhere. Such, never- 
theless, is the fact. The reader must not, however, rush to the con- 
clusion, that a higher terminal pressure simply 'is a gain. Other con- 
ditions must always be taken into account. In the suppositious case 
under consideration, though the terminal pressure is raised, yet the 
ratio of expansion remains the same, and the initial pressure is 
raised proportionately. The solution of the problem is simply this : 
That with any given ratio of expansion, the result is the best — all 
other things being equal— when the back pressure bears the smallest 
proportion to the average effective pressure* Economy, by the law 
of expansion — which alone we are considering here, — depending 
simply on the number of expansions, it follows, that if we have a 
high terminal pressure, we may, with a given ratio of expansion, 
secure a slight gain ; but the gain would be still more by a hi^^her 
ratio of expansion. 

Returning to column F in the table, for illustration of variability 
of power, and assuming that we have a Compound Engine, the low 
pressure cylinder of which is 1000 inches in area, it is clear that the 
power at 7*5fts terminal pressure will be 87*75 x 10 = 377-5 H.P. 
If the terminal pressure be increased, to 8-5ibs, then the result will be 
482 H.P. As, however, the number of expansions is 18-883, then the 
initial pressure will require to be increased by 18-88ft)s. In reality, 
the increase in the initial pressure would require to be rather more 
than this, as will be fully explained further on. 

If, as may be the case, the difference between the boiler pressure 
and the ordinary initial pressure in the cylinder, be not sufficient to 
allow the increased initial pressure in the cylinder necessary to give 
the additional power required, then it will be necessary to extend the 
pomt of cut-off in the high pressure cylinder only, and so maintain 
the true principle of expansion. If, on the other hand, a less amount 
of power be required, it may be done either by lowering the initial 
pressure, or by shortening the point of cut-off in the high pressure- 
cylinder only, • . - 

Let us give one more illustration from the table, and show still 
more clearly the variableness in the amount of power which can be 
4)btained. Take column H, with 1201bs initial pressure, and 16 ex- 
pansions, — the cylinders Jbeing in the ratio of 1 : 4in area, and 
the point of cut-off in each cylinder being at one-fourth the stroke. 
Now the table shows very neaily 40 H.P. for 100 inches area of the 
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low pressure cylinder. Then, if 400 H.P. be required, a low pres- 
sure cylinder of 1,000 inches area will meet the case. 

Circumstances may occasionally arise which will necessitate the 
development of greater power than suflBces for the usual require- 
ments. If there be a margin of boiler pressure sufficient to allow 
the initial pressure in the cylinder to be increased to 1301fos, and the 
point of cut-off, in the high pressure cylinder only, be extended from 
one- fourth to five-sixteenths of the stroke, the power, would be increased 
to 516 H.P. By reducing the initial pressure from 120ft)S to lOOlbs, 
and shortening the point of cut-off, in the high pressure cylinder 
only, to three-sixteenths of the stroke, the power obtained would 
then be 258 H.P., which is exactly half the amount just given 
above. 

For the greater power (516 H.P.) the ratio of expansion is 12*8, 
and for the less, the ratio is 21*33. The terminal pressure in the 
former is 10'1561fos, and in the latter it is 4*6875lbs. The amount 
of power being as 2 : 1, it may be asked: What is the proportionate 
quantity of steam consumed? The answer will illustrate the question 
raised just above concerning the difference of economy resulting from 
the terminal pressure. The cut-off in the two cases are as 3 : 5, 
and the initial pressures are lOOlbs and 1301bs. Then 100 x 3 = 
300, and 130 x 5 = 650 ; therefore, whilst the amount of power is 
as 2 : 1, the quantity of steam consumed is aa 2*1666 : 1*0, so that 
the lower terminal pressure is seen to give the best results. The 
absolute terminal pressures also show the comparative quantities of 
steam used, and will be found to bear exactly the same proportion. 
The same amount of back pressure has been allowed, and the same 
speed of piston assumed, in each case. Although the cut-off in the 
high pressure cylinder may be at three-sixteenths, the cut-off in the 
low pressure cylinder must still be at one-fourth, as given in the 
table. 

If the initial pressure be still further reduced, say to 80ft)s 
absolute, and the cut-off remain as in the last case, at three-six- 
teenths of the stroke, for the high pressure cylinder, the resulting 
pressures will yield — allowing the same back pressure or vacuum as 
before^200*38 H.P. 

As the examples so far given assume a higher initial pressure 
than generally prevails, it may be well to give one having the initial 
pressure much lower. Take column B in table, where the absolute 
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initial pressure is 60tbs. With the boiler pressure at 601bB by the 
pressure gauge^ there will be a margin of 15ibs between this and the 
cylinder. Say the average amonnt of power required is 300 H.P. 
As the H.P. in column B is 81*95 for 100 inches area of low pres- 
sure cylinder, then, one of 1,000 inches area will gire nearly 320 
H.P. By raising the initial pressure to 70ft)S (55ft)S above atmo- 
sphere, still leaving a margin of 51bs), and extendmg the point of cut- 
off from 0*3534 to 0*4 in the high pressure cylinder only, the Engine 
will then give 413 H.P. By reducing the initial pressure to 50lbs, 
and shortening the point of cut-off to 0*3 in the high pressure 
cylinder only, the amount will then be 230 H.P. In the former 
case the number of expansions is 7*07, and in the latter case, 9*425. 
The speed and back pressure are the same as before. Whilst the 
proportions of power obtained are as 1*8 : 1*0, the proportions of 
steam used are as 1*866 : 1*0. The example^ now given show that 
a considerable variatwn of power can he obtained by a very inconsider- 
able deviation from the positions fiQE$d by the rule, and exhibited in the 
Table of Proportions for Compound Engines. 

Obviously, to accomplish these results, variable expansion valves 
will be requisite for the high pressure cylinder, and for the low pres- 
sure cylinder, valves which will have a definite and decisive cut-off 
will suffice. The cut-off in the high pressure cylinder may be made 
so as to be adjustable by hand, or so that it may be ccmtrolled by 
govemoris within certain limits. 

It has already been incidentally observed that the cut-off in the 
low pressure cylinder should not be earlier than the point given in 
table according to rule. This condition is essential, because, if the 
cut-off should be earlier, the initial pressure in the low pressure 
cylinder would be higher than the terminal pressure in the high 
pressure cylinder. 

In these calculations, as will have been noticed, no account has 
been taken of the clearance and the capacity of the ports, &c. 
When these are allowed for, it will be clearly seen that the high 
pressure cylinder will have a higher terminal pressure than the 
theoretical diagrams have iEihown. Beferring back to the illustration 
given from column H, where the cut-off was assumed to be throe- 
sixteenths of the stroke, it will be seen that when the capacity of the 
clearance, &c. (the whole fulcrum capacity) is added to the capacity of 
the cylinder produced by the motion of the piston taits point of oat- 
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off, it will raise the terminal pressure proportionately, so that really 
a greater amount of power will have been developed than the calcn- 
lations so far have shown, — more eq>eciall7 if the cylinders be steam 
jacketed. 

If the fidcram capacity in the low pressnre cylinder should 
amount to one-fourth the capacity of the cylinder produced by the 
motion of the piston to its point of cut-off at one-fourth the stroke, 
— then the cut-off being shortened to three-sixteenths, the capacity 
will just be equal to the capacity of the high pressure cylinder, ex- 
clusive of its fulcrum capacity. These considerations render it quite 
i^parent that it cannot be advantageous to reduce the point of cut- 
off in the low pressure cylinder much short of the position de- 
termined by the rule of proportion, and given in line 7 of the table 
on compounding. 

Nor must the cut-off in the low pressure cylinder be extended, 
because, if this have a larger capacity at the point of cut-off than the 
whole capacity of the high pressure cylinder, then a fall of pressure 
will occur in passing from the high to the low pressure cylinder, 
wittiout performing any work, and this would be a departure from 
the true principle of expansion, and it would not give so high a co- 
efScient of expansion. The effect of a &11 in pressure from the high 
to the low pressure cylinder has been illustrated in the earlier part 
of this chapter, in treating of the variable amount of power obtained 
from a given quantity of steam in Compound Engines. 

All the calculations and remarks so far on compounding ac- 
cording to our rule, have referred exclusively to, those Engines 
having the two cylinders of the same length of stroke, and of the 
same speed of piston, — and having a rigid connection. It may be 
advisable to consider the application of the principle to Engines of 
other and different constructions. 

In the Beam Engine McNaughted, the high pressure piston has 
only half the length of stroke of the low pressure piston ; therefore 
the proportionate area of the high pressure cylinder would require 
to be twice that which is given in the table. In some cases a 
horizontal high pressure cylinder is connected with a Beam Engine, 
and beating at the same intervals of time,-^being rigidly connected, 
— ^bnt the high pressure piston having a shorter stroke than the low 
pressure piston. In this case the area of the high pi-essure cylind^ 
must be as much greater than the area given in the table as 
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the proportionately greater length of stroke of the low pressure 
piston. 

There is another class of Compoand Engines to which the appli- 
cation of this principle may be nsefdlly considered, A considerable 
number of Beam Engines have been compounded, by placing at 
some distance, — ^usually in another room, — one, or a pair of, small 
horizontal high pressure cylinders. These are connected with the 
Beam Engines by gearing ; and usually run two, and sometimes 
three revolutions, for one of the Beam Engines. To find the correct 
proportions of cylinders for this arrangement, it is only necessary to 
ascertain the speeds of the pistons in the high and low pressure 
cylinders. If the speed be the same in each^ then proceed according 
to rule and table. If the piston of the low pressure cylinder should 
have a speed of, say 400 feet per minute ; and the piston of the high 
pressure cylinder a speed of 500 feet per minute, then the area of the 
latter cylinder should be four-fifths of that given in the table. 

A question of the highest interest and importance, in con- 
nection with the table on compounding, has been deferred until the 
end of this chapter had approached, in order that it might receive 
more attention than would have been suitable in the rapid sketch 
of the various features of the questions embraced. All the theo- 
retical calculations so far made, have been on the basis of the law of 
Maebiotte, wliich gives the pressures as the inverse ratio of the 
volume of steam when expanding. This law is true for all dry 
elastic gases, when the change of volume is not accompanied by a 
change of temperature. Steam, when expanding under pressure, 
tails in temperature to a degree supposed to correspond to steam in 
the prescence of water from which it has been evaporated. 

As the temperature falls with the foiling pressure in performing 
work, the resulting pressure is lower than that due to the law of 
Mabbiotte, because^ in losing its heat it becomes contracted,- and 
therefore is more attenuated than by the simple inverse ratio of pres- 
sure to volume. In the expansion of steam by heat there are two 
distinct laws. One is the law of Gay-Lussao, which gives equal 
incremmts of volume for equal increments of temperature. This is the 
law which applies to ^11 dry elastic fluids, — steam being included 
when rendered dry by superheating, which can only be done when 
freed from the prescence of water. The other law of expansion of 
steam relates to the comparative volumes of steam at different 
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temperatures, in the prescence of water from which it is evaporated, 
and in which condition it is called '^ saturated steam '^ In the first 
place, it may be said, roughly speaking,. that the volume is in the 
inverse ratio of the pressure. In the second place, the volume 
increases by increase of temperature. Therefore, the volume of 
steam from a given weight of water, will be greater than the inverse 
ratio of volume to pressure : how much greater depends on the second 
law just stated. This expansion of volume cannot be expressed 
exactly by a co-efficient, as it is somewhat variable ; that is, it is not 
uniform in its increase of volume by equal increments of tempera- 
ture, through the practical range of steam pressure. An approximate 
co-efficient will be three-fourths of that of the law of Gay-Lussac 
for dry gas, which is 0*002035 increase of volume for each one degree 
Fahrenheit increase of temperature. 

Instead of relying upon any co-efficient, it will be much simpler 
and clearer to turn to the table in appendix, on pressures, tempera- 
tures, and volumes of steam, established experimentally by the 
eminent French scientist, M. Regnault. It will be seen that as 
' Bteam increases in pressure and temperature, its decrease in volume 
is less than the inverse ratio. At 15lbs pressure in the table, the 
volume of steam is found to be as 1,669 to 1 of water at its greatest 
density, which is SO'l® Fahrenheit. At l20lbs pressure the volume 
is 249. As the pressure of 15lbs is only one-eighth of 120lbs, it 
follows that the inverse ratio of volume to pressure would be 120-7- 
15 = 8 times the initial volume, which would give 1,669 -f- 8 = 
208*75 volumes of steam to one of water at 1201bs pressure, instead 
.of 249 volumes, as is actually the case, — being nearly in the pro- 
portion of 5 to 6. 

This fact may be presented in a different form, and perhaps still 
more usefully. As the initial pressure of 120lbs equals 249 volumes; 
and as lolbs equals one-eighth the pressure ; then, by the law of 
inverse ratio, if the steam be expanded to 8^ times the cubic capacity 
of the initial pressure, it will require the 249 volumes multiplying 
by 8, which will give 1,992 volumes, the corresponding pressure to 
which is'12'41bs, and not 151bs, — the difference being rather more 
than the ratio of 5 : 6. This will be the best and most reliable 
method of finding the real terminal pressure from any given initial 
pressure and uumber of expansions. 

Returning again to the table on compounding, let us apply this 
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law, and proceBS of calculation, to the pressures and capacities there 
given. In line 4 the terminal pressure is placed at 7'5lbs for every 
degree of expansion. This is correct when the initial pressure is 
divided by the number of expansions. When, however, we apply the 
table of M. Eegnault, we arrive at a different result. Take column 
E in table on compounding. The initial pressure is 901bs, the 
number of expansions 12, and the terminal pressure 7*5lbs. We 
find that at 901bs pressure the steam has a volume of 323 to 1 of 
water, and at 7*51bs it has a volume of 3180. If we multiply 323 
by 12 we shall get 3876 as the volume of steam to one of water. 
This represents a pressure of 6'151bs, and not 7'51bs. Or, if we 
take 8,180 -r 12 = 265 ; then 

266 : 323 :: 6-161bs : 7-51bs. 

For a fuller illustration we will take column H in table on com- 
pounding, that we may have the advantage of referring to theoretical 
diagi*ams on page 232, corresponding with that column. Here the 
initial pressure is 1201bs, and the number of expansions 16. The 
volume of steam at 1201bs pressure being 249 to 1 of water, and 
which steam is expanded to 16 times its initial volume, then 249 x 
16 = 3,984 volumes to 1 of water. By turning to table of pres- 
sures and volumes it will be seen that the latter number represents a 
pressure of 5*851bs per square inch, whilst the terminal pressure by 
the law of Mabbiotts, or isothermal law, will be 7'51bs, as seen in 
table on compounding, page 280. It is quite obvious from this view 
of the case, that a larger initial measure of steam will be required 
than is shown by the point of cut-ofT given in table, and determined 
by our rule of proportion, in order to obtain the fiill terminal pres- 
sure of 7*51bs. The greater initial measure would require to be 
above that fixed by rule, in the proportion of 5*851bB to 7'51b8. But 
a greater average pressure would be secured by this means, if 
properly utilized, and not lost by excessive fulcrum capacity. 

Practically, this increased measure of steam will exist without 
any special provision in most cases, because the fulcrum capacity in 
the high pressure cylinder (clearance, i&c.) will be sufficient for this 
purpose. As the proportionate difference between the actual volume 
of steam and the inverse ratio is slightly greater as the number of 
expansions increases, so the proportion which the fulcrum capacity 
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bears to the initial measure produced by the^motion of the pistoti to 
the point of cut-oflP, increases also, but in a much higher ratio. For 
example, we will take column H in the table on page 280, and con- 
sider the .question as applied to the Compound Engine. Here the 
cut-off is at one-fourth; and assuming 60 inches as the length of the 
stroke, the cut-off will occur when the piston has^traversed '15 inches. 
Now if the fulcrum capacity should amount to 3 inches sectional 
area of the cylinder (it is not well that it shoaldbe so much), this 
would be one-fifth of the measure shown by 'the Indicator Diagram, 
and would increase the actual initial measure, from what is apparent, 
in the proportion of 5 to 6. This would nearly compensate for the 
loss of terminal pressure pointed out above, which was ftom 7*5 to 
5'85ifos, or. in the proportion of 5 to 4 nearly, and would raise the 
terminal pressure to 7*021fos, if no disturbing cause operated to affect 
the law under consideration. 

Another cause will greatly assist in maintaining the terminal 
pressure, as given in the table; and still more in producing the 
average pressure there found. When the fulcrum capacity is added 
to the capacity produced by the motion of the piston to Uie point of 
cut-off, the fall in pressure will be less, and the expansion curve will 
consequently be so much higher. Moreover, the initial condensation 
which takes place, more or less, in every cylinder, will tend still 
further to raise the expansion curve, — giving to the high pressure 
cylinder certainly, a higher average pressure than that given in the 
table ; so that although the terminal pressure in the second cylinder 
may be lower than that due to the isothermal law, yet the mean 
average effective pressure of both cylinders will be attained, if they 
be steam jacketed, and the valves good. 

If we examine the Simple Engine with the same number of 
expansions (sixteen), we find that a fulcrum capacity as above, would 
be much too large for giving the terminal pressure in the table. As 
the cut-off in this case is at 3*75 inches r^traverse of the piston, then, 
even 1 inch fulcrum capacity would increase the volume of steam in 
the ratio of 1 : 1*266, or a little more than in the ratio of 4 to 5, 
which is the' decrease of volume below inverse ratio. These calcula- 
tions approximate very closely to the results arrived at by experi- 
ments with Compound Engines which are steam jacketed. When 
the cylinders are not steam jacketed,j[the fall in pressure will be 
greater than these calculations show. 

p2 
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It may be usefiil if we enter into a more detailed discussion of 
this qaestion, and test the value of the above calculations by the 
results of actual working. Furthermore, let us examine the question 
in its connection with the Simple and the Compound Engine, by the 
aid of such data as may be relied upon. The actual terminal pressure, 
as compared with the initial measure and pressure of steam, is found 
to vary very much with the varying conditions which obtain. So 
many disturbing causes may come into operation in the action of the 
steam within the cylinders of Steam Engines, that it will be difficult, 
if not impossible, to predetermine the exact results, in any given case. 

The analyses of a considerable number of examples of Simple and 
Compound Engines have led us to the conclusion that, for a given 
range of expansion, and a given initial measure and pressure of steam, 
there will be a much higher terminal pressure in the Simple than in 
the Compound Engine. This fact alone might point to either loss or 
gain as the result, and therefore it is of primary importance to ascer- 
tain the determining cause. If, for a given range of expansion/ the 
initial condensation be large, then the re-evaporation will be sufficient 
to raise the terminal pressure above the hyperbolic, or isothermal line, 
becajuse, when much condensation has taken place, a corresponding 
amount of heat has been transmitted to the metal, and this heat is 
given up again to the steam as it expands and falls in pressure. For 
a verification of this view, see analytical examination of Diagrams 
45-46. 

The initial condensation, relatively to the initial measure of steam 
used, and the pressure of ste^n found at the end of the stroke;^ is 
greater as the cut-off is earlier ; by the diagrions just referred to, 
and others from the same Engines, we find the initial condensation, 
relatively to the terminal vario-thermal line, to be as follows : — 

« 

At 7'4 expansions = 27*0 percent. 
„ 9-04 „ = 36-67 „ 

„ 11-4 „ = 46-67 

These cylinders, be it remembered, are steam jacketed, and the 
diagrams from which the results just given are derived, were taken 
when the cylinders were thus heated. Turn now to Diagram No. 13. 
Here the cut-off is found to be at 0-1613, or I — 6*2, that is, when 
corrected for the fulcrum capacity, which is here taken into acg[>unt, 
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and is assumed at two inches sectional area of the cylinder, — a quite 
sufficient and ample estimate for the valve arrangement in use. The 
initial condensation, when calculated by the same method, is 23'G6 
per cent. Now examine Diagram No. 22. In this, the number of 
expansions, when corrected for the fulcrum capacity, will be 11*5. 
The initial condensation here amounts to 57*8 per cent., unless the 
yalves permitted the escape of steam into the cylinder after being 
shut. As the valves were quite new at the time, — having worked 
only a few months, — we need not suppose that leakage took place to any 
appreciable extent. These two last cases are not steam jacketed. 
Another case before us of an Engine with Corliss valves, and cylinder 
stea^I jacketed^ with 9*8 expansions^ shows 36*75 per cent, of ^initial 
condensation. Here the terminal pressure by the vario-thermal 
law — assuming the steam to be pure at the point of cut-off, — ^would 
only be 63*25 per cent, of the actual terminal pressure as shown by 
diagrams. The general result is, that, in the Simple Engine (single 
cylinder ) the actual terminal pressure is higher than the calculated 
pressure, — being almost invariably higher even than the isothermal 
line, or inverse ratio of pressure to volume. 

In Compound Engines, the actual terminal pressures are found to 
agree very closely with the vario-thermal law. By reading the 
analytical description of Diagrams 42 and 43, this will be seen and 
understood. This case is confirmed and strengthened by others 
similar. In Diagrams 47 and 48 the result is the same. By taking 
the ftdl set of these diagrams^ and fixing upon half-stroke in the 
high pressure cylinder, where we may fairly assume the steam *to be 
completely cut off, the number of expansions will be 6*2 as in the 
case of Diagram No. 13. Here (in the Compound Engine, Diagrams 
47 and 48 ), the actual terminal pressure is 5*6 per cent, higher than 
the vario-thermal line, and 9*6 per sent, below the isothermal line, 
or that due to the law of Maki^iotte. In Diagram No. 1 3, the actual 
terminal pressure is 10 per cent, higher than the isothermal line, and 
23*66 per cent, higher than the vario-thermal line. In an earlier 
part of this chapter, it has been shown by numerous facts which may 
be implicitly relied upon, that the Engine from which these diagrams 
(47 and 48) were taken, consumes only about two-thirds of the 
quantity of steam which was consumed before compounding, for the 
same power. It is evident &om all the facts of this case, that the 
initial condensation of the steam is greater in the Simple Engine by 
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a considerable amonnt above what reappears by re-evaporation as the 
piston advances to the end of the stroke, — than in the Gomponnd 
Engine. 

In every Condensing Steam Engine, whether simple or componnd, 
whether steam jacketed or not, when worked expansively, the steam, 
at the terminal pressure and volame, and immediately before being 
discharged into the condenser, — ^is charged with water in suspension, 
to a greater or less extent. This is the result of initial, and also of 
progressive, condensation. The quantity of water thus carried in 
suspension in the steam is evidently greater — all other conditions 
being equal — ^in the Simple than in the Compound Engine. The 
quantity of steam condensed, and thus carried away, is less when the 
cylinders are steam jacketed, whether the Engine be simple or com- 
pound. This fact is illustrated in the former class by the treatment 
of Diagrams 45 and 46, and in the latter class by the treatment of 
Diagrams 42 and 43. 

The evidence furnished by the Simple and Compound Engines 
represented by Diagrams 13, 47 a^d 48, is indisputable and conclu- 
sive on the comparative amount of permanent condensation resulting 
from the two principles of utilizing the steam. It is true that the 
absolute correctness of the calculation, which we have given in the 
analysis of these diagrams in an earlier part of this chapter, may be 
open to doubt, and may be disputed, as one of the factors in the cal- 
culation is based on an assumption, — ^which is the evaporative efficiency 
of the boilers, and which, it will be remembered, we estimated at Tfibs of 
water per pound of coaL As the boilers are of the ordinary Lanca- 
shire type, and though well arranged and in good condition, — and 
having economisers (feed water heating apparatus) attached, yet 
without any specially superior arrangements and appliances for 
securing extra heating surface and consequent high efficiency, — this 
estimate may be considered just ; and it is warranted by G:eneral 
experience. In connection with Diagram No. 46 it was stated that 
the evaporative efficiency of the boilers which supplied the steam under 
trial, was 6*961fos of water per pound of coal, — and these boilers, we may 
observe, were constructed specially with the view of evaporative 
efficiency; but whether this object has been satisfactorily attained 
by their very unusual proportions, — being 24 feet long, 12 feet 
diameter, with two fire boxes of 5 feet^diameter ^ach, — ^must be left 
an open question. « ^ ^ 
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By assnming the evaporative eflSciencj to be greater or less than 
we have estimated, the proportion of permanent condensation wiU 
be changed in both the Simple and the Compound Engines ; and 
the ratio of such condensation^ which may result from the two prin- 
ciples of working, will be changed likewise. But the vital &ct still 
remains^ — the greater permanent condensation in the Simple than 
in the Compound Engine. If we suppose the evaporative efficiency 
to be 6tbs only, then the superiority of the compound principle will 
be exhibited ill a far higher degree. And if we suppose such efficiency 
to equal 81fos of water per pound of coal, still the permanent conden- 
satfon in the Compound Engine will only amount to 25*25 per cent., 
whilst in the Simple Engine it will amount to 49*25 per cent., — 
giving a difference in the amount of permanent condensation, of 
exactly 24 per cent, df the whole amount of steam which we have 
estimated as passing into the cylinders for the generation of power. 
Remembering the proportion of permanent condensation as shown by 
the analysis of Diagram No. 46 ; and the fact of the greater propor- 
tion when steam is not in the jackets ; and remembering, furthermore, 
that the diflPerence will be — other conditions being equal, — greater 
as the range of expansion is greater ; it is highly probable that the 
conclusion just arrived at, of 49*25 per cent, of permanent condensa- 
tion in the Simple Engine, is near correct. The proportion of 24 
per cent, less^condensation on the whole consumption of steam, 
corresponds identically with the proportionate gain of the Compound 
over the Simple Engine, which we arrived at (page 242) by anoUier 
and different process of calculation, and based on somewhat diffisrent 
data^ — in connection with these same Engines. 

' Seeing that a correct estimate of the evaporative efficiency of the 
boilers in this case is of such unusual interest ; and desiring to have 
the opinion of an impartial and well qualified authority on the question, 
we wrote to our friend Mr. Edward Ingham, Engineer, Oldham, 
asking him what he considered would be the evaporative duty of these 
boilers, and without indicating our own judgment, — he being well 
acquainted with the place, and-the conditions necessary for forming 
a reliable opinion, and his knowledge and experience specially quali- 
fying him for arriving at a correct estimate. His reply, dated Sep- 
tember 16th, 1874, is as follows : — 

"I should think that Messrs. * are evaporating Sfibs of 

* Unfortunately we are not authorised to givethe name and address of the owners. 
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wa^ p«r pound of coal. They have good coaV & S^^ economiser, 
patent wads in the flues, and every facility for a good result in point 
of evaporative duty. • The boilers are cleaned once a month, and 
there is very little incrustation, — the water being all surface tfnd 
domestic water, very soft, and impregnated with soap and other 
domestic refuse." 

Considering the proportion of saving in fuel ; and considering 
that every condition remained unaltered, except that of the change 
to the compound principle, the correctness of our calculations in 
rcigard to the relative and comparatiTe condensation, based on this 
last estimate of the evaporative duty of the boilers, receives abundant 
Gonfi^nation, when all the known facts of the case are taken into 
account. No amount of ingenious reasoning, founded upon the law 
of expansion, or upon the greater area of surface — ^internal and 
external— of two cylinders than one, by reason of which, greater 
oonduction and radiation may be assumed to result, can lessen the 
value of the facts of this case, or successfpilly assail the condufion 
based upon them, confirmed, as such conclusion is, by a large num- 
ber of other cases. The facts must be recognised, whether we can 
establish a theory which will satisfactorily account for them or not 
In the chapter on steam jacketing some attempt will be made with a 
view to the solution of this problem. 

0/ the varmis causes which affect and modify the dyfortment (^ 
the steam within the cylindsr^ its state is one of considerable influence, 
When steam is superheated before entering the cylinder, its terminal 
pressure is found to be lower thaoi when steam in its normal state of 
saturation is admitted. Careful experiments have also proved, that 
the terminal^temperature is lower also ; and that a less aggregate 
quantity of heat passes out of the cylinder into the condenser, as is 
evidenced by the &ct of \h& less increment of temperature given to 
the condensing water. As superheated steam, although producing 
a lower terminal pressure, generates a greater amount of power for a 
given number of units of heat, so it may be concluded that, the degree 
of saturation will be themeasure of loss. As the terminal pressure is lower 
when the^steam is superheated, so probably it will be higher in the 
degree of its saturation, and the quantity of heat carried into the 
condenser will be greater for any given amount of power. This will 
indicate the importance of guarding against priming of the boiler, by 
whict^ater in excessive quantities is carried into the cylinder 
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Afioihsr eonehmon which is drawn from the analyses of dii^tsmb 
from Compound Engines is noteworthy. When the point of cut-off 
in the high pressure cylinder is late, then, for any given range of 
expansion after, the terminal pressure in the low pressure cylinder 
will be lower than when the cut-off is earlier for the same number 
of expansions. Of course this implies a difference in the ratios of the 
cylinders in the two cases. Where the high pressure cylinder is 
relatively small, then the cut-off, for a given number of expansions, 
must be later. The correctness of the conclusion just enunciated 
will be obvious on a full consideration of all the conditions involved. 
The later the point of cut-off in any given cylinder, and the nearer 
pure will be the steam,-^all other conditions being equal. 

In cases where a Compound Engme has only one of its cylinders 
steam jacketed, the terminal pressure will be above or below a given 
equilibrium, according as one or the other of them may be thus 
surt^ounded with steam. If the high pressure cylinder only be 
jacketed, then the initial condensation will be relatively less, and 
the re-evaporation more, in this cylinder ; whilst in the low pressure, 
cylinder there will necessarily be a larger initial condensation, and 
a relatively less re-evaporation. The result will be a lower 
terminal pressure in the low pressure cylinder relatively to the average 
pressure' in both cylinders. If, on the other hand, the' low pressure 
cylinder only should be jacketed, then the initial condensation in the 
high pressure cylinder will be greater, and the re-evaporation less ; 
whilst in the low pressure cylinder, the steam, on its entrance, carry- 
ing with it a larger quantity of water in suspension, and coming in 
contact with metal of a higher temperature than in the former case, 
will be more copiously re-evaporated. Hence the terminal pressure 
will be raised. The result will be, that the terminal pressure in the 
low pressure cylinder will be higher relatively to the average pressure 
of both cylinders, than when the high pressure cylinder^ only ig 
surrounded with steam in the jacket. 

The Principle of thb Co-EPFioiBur op Expansion op Indi- 
CATOB Diagrams, and the method of obtaining it, may now be 
advantageously considered, and its value determined. This principle 
of testing the efficiency of an Engine by the diagrams, will be open 
to serious objection if the proper precautions and corrections be not 
adopted. The co-efficient of expansion has hitherto been obtained 
by the following method : — Ascertain the average effective pressure. 
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If a Simple Engine, this will be easily done'; if a Compound Engine, 
then, by getting the average eflFeetive pressure of each cylinder, and 
dividing the average of the high pressure by the number representing 
the ratio of the low to one of the high pressure cylinder, and adding the 
quotient to the average pressure of the low pressure cylinder. Having 
now got the actual average effective pressure, divide this by the 
actual absolute terminal pressure in the condensing cylinder, and the 
quotient will be the co-efficient of expansion. 

This^method would be correct if the terminal pressure in every 
case, in both Siinple and Compound Engines, should be the same for 
any given initial pressure and volume, and range of expansion. We 
have seen that this is not so. Now, in order to ensure that the 
co-efficient shall be a true expression of the efficiency of the diagrams, 
it is evident that some method should be adopted which will produce 
one that may be relied upon as correct (or approximately so)^for all 
cases. The following method will be found to give the correct 
co-efficient of expansion : — 

Take the earliest point on the diagram at which the cut-off is 
seen to be complete. Then divide the whole length of the diagram 
by the distance traversed to such point of cut-off. The quotient will 
be the number of expansions, or the number of times to which the 
initial volume of steam will expand from such point. Now get 
the initial absolute pressure at ^uch point of cut-off, and divide by 
the number of expansions ; the quotient will be the theoretical ter- 
minal pressure by the law of Mabbiotts. Ascertain now the actual 
absolute terminal pressure, as per diagram. This cannot always be 
done, and therefore requires a few words of explanation. As the 
exhaustr valve almost invariably opens before the piston has arrived 
at the end of the stroke, the pressure rapidly lowers, and so would 
not correspond with the actual expansion line. Take the point 
immediately before the exhaust valve opens, — which is easily dis- 
tinguished on the diagram, — and correct it to the terminal pressure. 
Thus, if the pressure at the end of the 9th division be lOlbs, then at 
the end of the 10th division it will be 91bs. If the pressure be rising 
above the hyperbolic curve, the terminal pressure would, of course, 
be slightly greater, and vice versa. But this rule will be sufficiently 
near for the purpose in view. Now take the actual terminal pressure 
thus found, and the theoretical terminal pressure as found above ; 
add them together, and divide by 2 to obtain the mean for a new 
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divisor. With this last as a mean terminal, divide the average 
effective pressure, as already shown, and i?ie true co-effictent o/expan- 
sion will be obtained. 

A little attention to this subject will suffice to show the value of 
the method here described, for arriving: at a true co-efficient of 
expansion for all cases. Turn to Diagram No. 22, where the cut-off, 
as per diagram, is at, say one-fifteenth of the stroke. The initial 
absolute pressure is SOlbs. The terminal absolute pressure is ')tbs, — 
being 2*5 times the amount given by the lav\' of inverse ratio. Then, 
5 + 2 = 7-^2 = 3*5lbs, which will be a divisor by which to 
obtain the true co-efficient. Now turn to Diajrram No. 46. The 
cut-off, as per diagram, is at one-thirteenth of the stroke. The initial 
absolute pressure is 50ibs. Then 5 Dibs -^ 13 = 3*8461bs, which is 
the theoretical terminal pressure by the law of Marriottb. Now the 
actual absolute terminal pressure is 6'75fl)s, — or rather, this would be 
the terminal pressure if the expansion line should be continue:l to 
the end of the stroke, without being disturbed by the opening of the 
exhaust valve. Then 6-75lbs + 3-846lbs = 10-596B)s -f 2 = 
5'298ft)8, which will be the divisor by which to obtain the co-efficient 
of expansion. Let us take an example where the terminal pressure 
falls below the isothermal curve. If we refer to Diagrams 42 and 43, 
the cut-off in the high pressure cylinder is at 1—6*5 of the stroke. 
As the ratios of the cylinders are as 1 : 2'9, then 2*9 x 6*5 = 
18*85 expansions. As the initial absolute pressure is. 85ft)s, then 
85lbs -T- i8'85 = 4'509lbft, which will be the theoretical terminal 
pressure by the law of Marriottb. The actual terminal pressure 
in this case is 51bs absolute. The equilibrium will be 4*509 -f 5 = 
9*509 -r 2 = 4*754lbs. We are considering here only the cut-off as 
shown by the diagrams. When the fulcrum capacity of the high 
pressure cylinder is taken into account, the theoretical terminal 
pressure is found to be at 61bs by the law of Marriottb. See the 
analysis of Diagrams 42 and 43. 

We will now examine Diagrams 47 and 48, from a Compound 
Engine already fully described. For the initial pressure and measure 
of steam, take half-stroke in No. 47. The cylinders being in the ratio 
of 1 : 3*1, the expansion from the above point will be 6*2. The 
initial pressure at half-stroke, — taking the mean of both ends, — is 
64lbs absolute. Then 64 -r 6*2 = 10*31bs. The actual terminal 
pressure is 9*3lb8, The mean of these will be found to be 9*81bs. 

q2 
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The high pressure cylinder equals SOlbs, and the low pressure cjlinder 
equals ISlbs, average efPective pressure. Then, as the cylinders are 
in the ratio of 1 : 3-1, therefore, 301b8 ^ 3-1 = 9-68lbs ; and when 
added to the average pressure in the low pressure cylinder, the total 
eflPective pressure will be, 9*68 + 13 = 22-68lbs for the area of the 
low pressure cylinder. Then, 22-68lbs -^ 9-8lb9 = 2*314, which 
is the co-eflBcient of expansion. The principle of the co-eflBcient of 
expansion, and the correct method of obtaining it, will now be suffi- 
ciently clear. 

Another principle exhibited in the Table on Compoui^ding, merits 
some attention. It will be noticed that with .the same terminal 
pressure of steam in each column (and therefore the same quantity), 
the power varies from 29*878 to 43*106 H.P.; whilst the initial 
absolate pressure is 50lbs in the former, and IGOlbs in the latter case. 
Above, we have shown that to produce the same terminal pressure, 
a greater initial measure will be required than is shown in the Table 
on Compounding, by the proprtion of the volume of steam at the 
reduced temperature of the terminal pressure below the isothermal 
law. If therefore, we take into account such increase in the initial 
measure, the average pressure will be raised accordingly, so that for 
a volume of steam evaporated from a given weight of water, a slight 
increase of power above that given in the table will be developed, — 
provided that the fulcrum capacity be small, so as not to absorb and 
render non-productive the whole of such increase of volume. 

Were it possible to construct Engines entirely without fulcrum 
capacity, and the cylinders of a material perfectly non-conducting, 
then the terminal pressure would be still lower than we have yet 
arrived at. Under the conditions here supposed, the steam, when 
condensed by the energy which it expends, would not be re-evaporated. 
The reduction of the terminal pressure, on the expansion, &c., 
given in column H of the Table on Compounding, already stated, 
as being from 7'5tbs to 5-851bs, would therefore be still further 
reduced by the proportion of the steam which may hare been 
condensed by work done above the equivalent of the falling 
temperatures of the steam to the degree corresponding to the 
pressure. This proportion for the initial pressure and range of 
expansion found in column H of the table, page 280, would 
herein be 0*1953 of the whole quantity, so that the terminal pres- 
sure^ which we have fixed at 7*51bs, would be reduced by the 
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falling temperature, or variothermal law, to 5*85tbs, and by conden- 
sation resulting from the law of thermodynamics, to 4*71tbs. This 
result, for reasons given elsewhere, can never obtain in practice. 
The reader must clearly understand that this view has reference 
only to expansion against resistance, or the performance of work. 
In the above calculation of the terminal pressure by the thermo- 
dynamic law, the capacity of the water which results from 
condensation is disregarded, because, in comparison with the steam, 
it is so infinitesimal, and could not affect the conclusion arrived 
at, — being only as 1 : 5,000. 

The three different terminal pressures here indicated are 
governed by different laws, which may be designated thus : — 

1st. — Isothermal Law, — or law of equal temperature, — being 
the law of inverse ratio of pressure to volume, and commonly, 
described as the law of Boyle and Marriotte ; — and pro- 
ducing by expansion, the hyperbolic curve, on which is based 
the hyperbolic logarithm. 
2Np. — Variothermal Law^ — being the law which gives the 
pressure due to the temperature of saturated steam corre- 
sponding to its increased volume. 
3rd. — Tf(£rmodynamic Law, — which gives the line of still lower 
pressure than the variothermal law, by reason of a portion of 
the steam being condensed in the production of motion, or 
the development of power. 
If superheating be adopted, then a still greater amount of 
power will be obtained from sttam produced' from a given weight of 
water, because, as it contains a greater amount of heat, it will have 
a slicfhtly increased initial volume ; andj what will be still more 
efficacious, its excess of heat will maintain the pressure at a higher 
average for a given weight of steam. It would not be advisable to 
supeAeat the steam much, before its admission to the high pressure 
cylinder, when the pressure there is high, as it would be destructive 
to the rubbing surfaces of the valves, piston, &c. A second super- 
heating might be given to the steam, however, when in the receiver 
between the high and low pressure cylinders, which would be 
productive of good results. 

There is one more fact in connection with the Table on 
Compounding, which is important and noteworthy. For every degree 
ofexpamion, with cylinders arranged according to our rule, the poiver 
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of the two cylinders will he exactly equal, — if the terminal pressure in 
the low pressure cylinder he coincident with tlie hack pressure there. 
As iu the table the terminal pressure is 7*5lbs in every case, so 
if 7'5lbs be allowed for back pressure in the low pressure cylinder, 
the two cylinders will give equal power. Th^s is true only for 
the hyperbolic curve. If the initial pressure should be, say, half 
the amount given in the Table for any degree of expansion; then, 
with the correspondingly reduced terminal pressure, it is clear that 
the power of the two cylinders would closely approximate, even with 
the best vacuum attainable. 

By the facts and reasons previously advanced, it may be 
concluded that such deviation from the proportion of power given 
to each cylinder in the table on compounding, as may b3 expected to 
occur, will be in the closer approximation to equality of power be-- 
tween the two cylinders. As the expansion line in the first cylinder 
may be expected to be higher than the isothermal line, it will give 
a higher average pressure ; and as the expansion line in the second 
cylinder will certainly be lower than that given in the table, the 
average pressure will be less. If it be desired to give perfect equality 
of power by the high and low pressure cylinders, it can be easily done 
hy adjustment of the cut-oflT, — usually by extending the point of cut- 
off in the low pressure cylinder. 

Another principle should here be noted. The increase of power by 
increasing the number of expansions, has been exhibited in the table. 
By squaring the numher of expansions, douhle the amount of power 
will he obtained from a given weight of steam, — provided that in each 
case, the terminal pressure in the low pressure cylinder he coincident 
icifh the lack pressure there, — and provided, further, that there he no 
comh'mation except tJiat due to work performed, or tfuit the condensation 
bear tlw same propmtio7i to the amount of power in each case. This 
law applies equally to the Simple and the Compound Engine. 

This conclusion is deduced from the law of inverse proportion, or 
law of Mauriottb, which gives the pressure of steam as the inverse 
ratio of vo'ume. As we have seen, this is not so exactly, — the higher 
pressure giving a volume larger than that due to the inverse ratio. 
It might be supposed that this law (the vario-thermal law) would 
interfere with the correctness of the conclusion just enunciated, 
and give a hi;^her than double power, by squaring the number of 
expansions. Bat it must be borne in mind that the la^\ prevail-^ 
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throngbont tbe. whole range of practicable [tressures ; and although 
not with absolute nniformity, jet with safficient approximation 
thereto, that tbe proportions are not sensibly disturbed by thus 
squaring tbe number of expansions. 

It will be a very interesting calculation to ascertain (even though 
it may be only approximately) the weight of steam which passes 
through the cylinders in a given interval of time, or number of revo- 
lutions ; and also what weight of steam may be consumed per I.U.P. 
per hour. If that steam only, which is found at tbe end of the 
stroke, as revealed by the pressure given by the Steam Engine Indi- 
cator, be taken into account, then the calculation will be extremely 
simple. But as steam is permanently condensed in a greater or less 
proportion in almost every case, it will be necessary to determine, as 
near as can be done, by such data as may be available, what the 
proportion may be. Absolute certainty can only be arrived at where 
the weight of water supplied to the toiler is accurately ascertained, 
and where all the steam evaporated from such water is supplied to 
the Engine. This view has been presented in connection with 
Diagram 46, representing a Simple Engine. Where this method is 
not available, it will be necessary to compute the proportion of per- 
manent condensation according to the conditions of each case. 

It will suffice here if we give one illustration from a Compound 
Engine : the one represented by Diagrams 42 and 43, and already 
treated at considerable length. By turning to the description of 
these diagrams, it will be seen that the absolute terminal pressure 
is 5ft)S. The low pressure cylinder is 900 inches area; and the 
length, including ftilcrum capacity, is 62*785 inches, which will 
equal 32*7 cubic feet per stroke. As the speed is 34 revolutions per 
minute, then 32*7 x 68 x 60 = 133,416 cubic feet of steam per 
hour, at 51bs pressure. On examination of the table in Appendix, 
this quantity will be found to have a weight of l,8011bs. The I.H.P. 
being 165, then, 1,801 -^ 165 = 10-915lbs of steam per I.H.P. per 
hour. 

Guided by the clearly ascertained results of other cases, we shall 
be enabled to arrive at an approximately accurate estimate of the 
proportion of permanent condensation, or the amount of water held 
in suspension in the steam at the termination of the stroke ; and 
thereby determine the total weight of steam passing through the 
cylinders during a given interval of time. In connection with 



3l6 

Diagram 46, it has been shown that the initial condensation is greater 
as the cut-off is earlier; and the proportions for three different ranges 
of expansion are given on page 298. With 11-4 expansions the pro- 
portion of steam permanently condensed in the cylinder^ and held in 
suspension in the steam at the termination of the stroke, was found 
to be 83 per cent. : see pagq 217. The range of temperature to 
which the cylinder would be subject, would be lib'* Fahrenheit 
Turning again to Diagrams 42 — 43, we may compare the conditions 
which are there found, with the above. The real range of expansion 
in the high pressure cylinder is 4'9, which will yield a smaller pro- 
portion of condensation, — other conditions being equal. 

The proportion of initial condensation, relatively to the quantity 
of steam found at the termination, seems to be proportionate to the 
range of expansion in steam jacketed cylinders. Whether the pro- 
portion of permanent condensation maintains the same ratio, is alto- 
gether problematical. In view of all the known facts in connection 
with expansive working of steam, and in the absence of direct 
experimental data, it will be the best to assume provisionally, that 
the proportions of permanent condensation will be in the ratio of the 
range of expansion* — all other conditions being equal. Not only, 
however, is the range of expansion less in No. 42 than in No. 46, 
but the range of temperature to which the cylinder is subjected in 
the former, is less also, — ^being only 116** Fahrenheit, and equalling 
two-thirds of that of the latter. It is true that the full range of 
expansion in both cylinders of this Compound Engine is greater than 
in the case of Diagram No. 46. But, for the object immediately in 
view, we must coiTfine our attention for a moment to the high pres- 
sure cylinder only, because the conditions which obtain here are 
those which determine the quantity of steam admitted above what 
can be detected by the Steam Engine Indicator, when judged in 
comparison with Diagram No. 46. 

Assuming the condensation to be proportional to the range of 
expansion and temperature, and that the proportion in this case will 
.be corresponding, or proportional to the Simple Engine just referred 
to, then as the ranges of expansion are 4*9 and 11*4, and the ranges 
of temperature as 2 : 3, so the ratios of condensation will be as 
1 : 3*5. The permanent condensation in the case of Diagram 46 
being 33 per cent., it follows that the permanent condensation in 
Diagram 42 will be 9*4 per* cent, of the steam admitted, and which 
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will be in the state of wnter held in suspension in the steam at the 
end of the stroke of the high pressure cylinder. 

As 3-5 : 33 : : 1 : 9-4. 

The terminal pressure here is 18lbs absolute, and in the low pressure 
cylinder it is 5lbs absolute ; and the ratios of capacity being as 1 : 29^ 
the quantity of steam at the latter pressure is only 88*73 per cent, of 
the former ; of the steam remaining at the termination of the stroke 
of the first cylinder, we find then, that 11-27 per cent, disappears in 
the second. Of the whole quantity of steam which enters the first 
cylinder, 90*6 per cent, is found at the end; and of this, 11*27 per 
cent., equalling 10*21 per cent, of the whole, disappears in the low 
pressure cylinder. As 9*4 per cent, of steam is condensed in the high, 
and 10*21 per cent, in the low pressure cylinders, the total condensa- 
tion will equal 19*61 per cent., so that the steam found at the end of 
the stroke of the second cylinder constitutes only 8039 per cent, of 
the whole consumption. 

When we compare this proportion of condensation with that of 
Diagram 46, and allow for an increase of expansion in the latter, so 
as to equal that of the Compound Engine (which is 14*21), the com- 
parative condensation will be, for the Compound Engine 19*61 to 41 
in the Simple Engine, or less than one-half. This conclusion is 
strengthened by the comparative amount of condensation in the 
Simple and Compound Engines represented by Diagrams 13 and 
47 — 48, as found by computation on the best data available, knd on 
those estimates which give the smallest difference between the two 
principles : see page 301. The correspondence which is thus found 
between the two comparisons of Simple and Compound Engines, in 
the proportionate difference of the total permanent condensation, is 
so close, that it is apparently something more than accidental. From 
this, and from other evidences which have been presented, we are 
fully warranted in concluding that — all other conditions being 
equal, — the loss of steam by condensation will be twice as much in the 
Simple as in the Compound Engine, 

Let us now proceed to ascertain the weight of steam consumed 
per I.H.P. per hour of the Compound Engine under discussion. 
Cal(;ulated by the terminal pressure of steam (olbs), the weight was 
found to be 10'91oft)s per I.H.P. per hour. This having now been 
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ascertained to constitute only 80*89 per cent, of the total consnmp- 
tion, then as 

80-39 : 10-9151bs :: 100 : 13-577Ibs, 

which last may be regarded as the trne weight of steam consumed 
per I. H.P. per hour in the Compound Eugine, represented by 
Diagrams 42 — 48. 

It will be interesting to carry the investigation a little further 
here, and determine, on the basis of the foregoing conclusion, the 
consumption of coal per I.H.P. per hour. The boiler — which is of 
the kind called " Lancashire," with two fire-box flues, — is set in the 
best-known way for securing economy. The flues, beyond the 
" bridge," are well filled with Mr. Heyworth's Copper Spiral Tubes, 
which give a great area of heating surface, and secure a rapid circu- 
lation of water and generation of steam. The boiler is so well 
covered, that the radiation of heat, either above or in front, is ex- 
ceedingly small. The heat of the fires is so well utilized, that the 
temperature of the gases, after leaving the economiser, ranges below 
300° down to 240® Fahrenheit. In view of all these conditions, the 
evaporative duty of the boiler should not be placed at less than 9lbs 
of water per pound of coal. As the consumption of steam is found 
to be 18-577lbs per I.H.P. per hour, then 13'577 -r 9 = I'SOSfts 
of coal per I.H.P. per hour. 

In the descriptive analysis of these diagrams, the calculations 
made on other data, and by a different method, showed the consump- 
tion of coal to be l'6331bs per I.H.P. per hour: see page 204. But 
on looking at the fijjures there given, it will be seen that the I.H.P. 
on which this result is based, is 160; whereas, thp result just given 
above is on the higher power of 165 I.H.P. Substituting this latter 
amount, then 1*633 will be reduced to l*5881fos of coal per I.H.P. per 
hour ; so that the comparative results of the two processes of compu- 
tation will now stand thus : 

1-508 : 1-583 :: 95-26 : 100. 

The close agreement of the results of the two methods of computa- 
tion, is presumptive evidence of their correctness, and increases the 
value of the conclusion arrived at. If the evaporative duty of the 
boiler be estimated at 8-51bs of water per pound of coal, then the 
results of the two computations will be almost identical. 
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The important question will naturally arise, What are the con- 
ditions and circumstances which should determine the adoption of the 
Compound Engine in preference to the Simple Engine ? In all cases 
where economy of fuel is of little or no consequence, and where, 
therefore, a high degree of "expansion is not desirable, the Simple 
Engine will be more suitable, because less complicated and less 
costly. The compound principle will rarely be advantageous for Non- 
condensing Engines, because of the necessarily high terminal pressure, 
which should never be below the atmospheric line. In a Non- 
condensing Engine exhausting into the atmosphere direct, or through 
a feed water heater, it will be found more economical to lower the 
initial pressure, and extend the point of cut-off, when the load on the 
Engine happens to bie reduced, rather than let the terminal pressure 
fall much below the atmospheric line. This statement will perhaps 
create some surprise. The simple explanation is this : When the 
terminal pressure is. below the , atmospheric line, the atmosphere 
rushes into the cylinder on the opening of the exhaust valve, and 
thereby causes a much larger initial condensation of the steam than 
would otherwise occur. This clearly limits the application of the 
compotind principle to Non- condensing Engines (if applicable at all) 
to cases where a very high initial pressure constantly obtains. The 
lowest absolute initial pressure thus available would probably be, say 
120ft)S, with which the cut-off in each cylinder would require to be 
at 0*4 of the stroke, and the cylinders in the ratio of 1 : 2*5. This 
would give 2*5 x 2*5 = 6*25 expansions. The initial pressure 
being 120ft)S -f- 6*25 = 19*2ft)S terminal pressure by the iso- 
thermal law. The variothermal law — ^making no allowance for 
fulcrum capacity— would reduce the. terminal pressure to 161bs, or 
lib above the atmospheric line. At 90lbs initial pressure, the steam 
might be cut off at one-fifth (neglecting fulcrum capacity), and the 
terminal pressure, by the variothermal law, would be 15*5ft)S, or 
O'olbs above the atmospheric line. This would jgive a range of 
temperature in the cylinder of 105*5® Fahrenheit. Whether com- 
pounding under these conditions would be beneficial, is problematical. 

The advantage and economy op the Compound Engine is 
determined chiefty by the degree of expansion adopted. What the 
lowest degree may be at which the principle will be advantageous, will 
be difficult to settle conclusively. It is not probable that any advan- 
tage would be derived from compounding with less than four 
r2 
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expansions. Beyond this degree, the inequality of pressnie on the 
crank increases so moch, that componnding is desirable to secnre a 
asefhl equalization. Besides which, the range of temperature in the 
cylinder increases. The initial condensation also increases as already 
proved ; and notwithstanding the greater consequent re-evaporation, 
the permanent, uncompensated condensation is absolutely greater as 
the cut-off is earlier, relatively to the measure of steam used. 
Furthermore, the proportion of steam ^rmanently condensed in the 
cylinders is greater in the Simple than in the Compound Engine, for 
a given initial volume and pressure. The lowest degree of expansion 
at which compounding would result in increased economy, cannot 
at present be fixed. In the Table on Compounding at page 280, we 
have adopted 6*666 expansions as the ratio at which the principle 
may in ail cases be safely applied. From this degree down to four 
expansions, the gain by compounding will probably diminish rapidly. 

The calculations with regard to the amount of power, in the 
Table on Compounding, having been made on the basis of a piston 
speed of 500 feet per minute, it may be presumed that we advocate 
such speed as the most suitable and proper. It will perhaps be 
advisable, therefore, to examine the question of Speed in its relation 
to economy, steadiness, and general uUUty. 

Many and varied circumstances and conditions influence the 
determination of the speed. The highest practicable speed which 
can be permanently worked without serious deterioration of the 
Engine, and without loss by the generation of back pressure in excess 
of what would occur at a lower speed, will generally be desirable. 
The advantages of high speed will be, — ^first, that less gearing will be 
required t-o obtain the ultimate speed of the machinery ; second, 
that a greater amount of power will be obtained from a given size of 
Engine ; third, that greater uniformity of rotation will be secnred ; 
fourth, that less condensation will take place in the cylinders, because 
less tin^e is give^ for the cooling of the metal during exhaustion, and 
whilst the steam is at low pressure. 

Let us suppose that we have one Engine with a cylinder of 5 feet 
stroke, with an angular velocity of 50 revolutions per minute, and 
driving, ^ay 200 I.H.P. ; and let us suppose that we have another 
Engine exactly similar, but running at a speed of 25 revolutions per 
wnute^ and having the same initial pressure and measure of steam. 
Ko^ it is quite clear, in the first place, that the latter Engine would 
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not produce more than half the power of the first ; secondly, that its 
external radiation would be greater relafcirely to the amount of 
power; and thirdly^ that it would produce a larger amount of con- 
densation at each stroke of the piston. The first and secsond results 
here stated are self-evident, and anything more said concerning them 
would be superfluous. The third result stated may not be quite so 
clearly evident to every reader. 

On the admission of the steam to the cylinder at a given pressure 
and temperature, the metal will be raised in temperature by contact 
and convection; and the abstraction of the heat of the steam by the 
metal will continue until, by conduction, the outer surface of the 
cylinder shall have acquired the same temperature, or nearly so, as 
the inner one — ^if time sufficient shall elapse ; beyond this, the heat 
transmitted to the metal by the steam will simply be the equivalent 
of external radiation. During the time of exhaustion, the internal 
surface of the cylinder, being exposed to the action of steam of lower 
temperature and high absorbing power, is reduced in temperature 
thereby. With these conditions, the abstraction, of heat from the 
cylinder will inevitably be greater when the time is greater ; but 
whether it will be exactly in the ratio of the time, is not certain. 
We need not doubt, then, that the condensation at the higher speed 
will be less for each stroke of the piston, and therefore that the 
higher speed will be the more economical. 

High Speud tends to produce a loss which it is important not to 
overlook, — that of excessive back pressure. If, by a higher speed, 
there should be a saving of, say 5 per cent., by the smaller proportion 
of condensation, but a greater uncompensated backpressure, equivalent 
to 10 per cent., then clearly there would be a balance on the side of loss. 
The back pressure resulting from any given speed of piston will be 
independent of the length of stroke — all other conditions being equal. 
For example : If one Engine should have a stroke of 5 feet,'and run 
at 50 revolutions per minute ; and if another Engine should have a 
stroke of 2 feet 6 inches, and run at a speed of 100 revolutions per 
minute ; and if both cylinders should be of the same diameter, and 
have exactly the same area of valve orifice during every part of the 
stroke — or, what would amount to the same thing, have the same 
proportion of area of orifice to the sectional area of the cylinder ; and 
if, furthermore, the steam should have the same terminal pressure in 
each case ;. then, undoubtedly, the back pressure would be the same 
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in each case — so far, at least, as the conditions of the Engines here 
indicated govern the results. As in the first case there will be doable 
the time for the steam to escape, yet, as there will be double the 
quantity for each stroke, so there will necessarily be the same amount 
for each unit of time; and therefore the two cases will be on an 
equality in this respect. The result is governed by the speed of piston, 
the praportion of the valve orifices to the area of the piston, and the 
pressure of steam to he transferred from the cylinder to another space. 

In the case of a Compound /Emgine, where the steam, in being 
transferred from the high pressure cylinder, passes at once to the low 
pressure cylinder through two sets of valves, and through contracted 
pipes — perhaps having several angles, — ^the loss of pressure due to 
friction will be considerable, if the speed be high. By having a 
Reckiver between the high and low pressure cylinders, of large 
capacity^ the transmission of the steam from the first cylinder to the 
second, will be effected with less loss (that is, with less difference of 
pressure), because there will be less obstacles interposed to the free 
passage of the steam. 

When the ports and valve orifices are made of the largest prac- 
ticable area, a piston speed of 500 feet per minute will be found not 
to generate unnecessary back pressure. By necessary backpressure, 
must be understood the pressure of the medium into which the steam 
shall exhaust, and below which it cannot possibly fall. Such, for 
example, as the pressure of the atmosphere, into which a Non-con- 
densing Engine shall exhaust. When the high pressure cylinder of 
a Compound Engine exhausts into a Receiver (this latter having an 
approximately constant equilibrium of pressure), the back pressure 
should coincide with it, or as near as possible. Between the pressure 
in the Receiver and the initial pressure in the second cylinder, there 
will necessarily be a slight difference, resulting from the condensation 
of the steam on its entrance into the cylinder. This part of the 
subject has been treated more minutely in an earlier part of this 
chapter : see pages 287 — 288. If the difference be anything con- 
siderable, then it may be safely concluded that the valve orifices are 
insufficient to permit the free transmission of the steam ; or, what 
will bo equivalent, that the speed is too great to permit the steam to 
pass with sufficient rapidity, with such orifices as exist. 

It must not be concluded that a piston speed of 500 feet per 
minute is advisable for any and every length of stroke. A high 
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speed of the fly wheel undoubtedly is an advantage, — in two relations. 
In the first place, as already observed, a greater speed in the prime 
mover will give the ultimate speed required with less and .lighter 
intermediate gearing and shafting, for the transmission of the mo 
tion ; and in the second place, the fly wheel will be increased in its 
inertia in the ratio of the squares of the speeds. On the other hand 
— as we have seen in treating on the inertia of the piston, &c. — 
when the speed is high, the inertia of these parts becomes so great 
that the difficulty of equalizing the forces is greatly increased, and 
the greater wear and tear (as ordinarily expressed) of the Engine is 
the result. There has almost invariably been great difficulty 
experienced in the working of Engines at high piston speed, unless 
the stroke has been of good length, so as to avoid excessively rapid 
reversals of the piston, which so frequently produce heating of the 
crank pin and journal. This effect is not produced to the same 
degree in. the Compound as in the Simple Engine — all other 
conditions being equal — because of the greater equality in the 
incidence of pressure. This difference has been experienced notably 
in the case of the Simple and Compound Engines represented by 
Diagrams 13, and 47 — 48. 

The extreme importance and interest of the subject of Com- 
pounding, and the numerous features which were necessary to be 
introduced and elucidated, in order to make the treatment as complete 
and satisfactory as the available data permitted, have caused this 
chapter to be extended to such considerable length, that it will be 
advisable, in concluding, to give a recapitulation of the essential 
points discussed and determined, — with what success the reader will 
judge. The conclusions which have been arrived at may now be 
presented in the following congeries of statements : 

/ 

1st. — The Compound is to be preferred to the Simple Engine for 
a high degree of expansion, because the pressure on the 
crank can \^e better distributed. 

2nd. — ^A large proportion of Compound Engines hitherto made 
have the cylindei*s disproportioned ; and, as a consequence, 
do not yield the full duty of the true principle of expansion. 

3rd. — The law of correct proportions of the cylinders of Com-^ 
pound Engines has not heretofore been determined, as is 
evidenced by the great diversity in practice. 
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4th. — The Rule of Proportions for Compound Engines, giren on 
page 231, will give the most perfect expansion of the steam, 
and the highest co-efiicient of expansion of the diagrams. 

5th. — Practically, with proportions of cylinders which do not 
give the full theoretical duty, the Compound is more 
economical than the Simple Engine. 

6th. — The Compound Engine, proportioned and arranged ac- 
cording to our *^ Eule," will give tt© highest attainable duty, 
theoretically and practically. 

7th. — The Compound Engine, on our plan, will give, in actual 

working, an aggregate effective pressure on the pistons at 

' half stroke, of double that which is given by the Simple 

Engine, for the same initial measure and pressure of steam, 

and therefore for the same range of expansion. 

8th. — The pressure on the crank is directly as the pressure of 
steam on the piston or pistons, — whatever may be the weight 
or speed of the reciprocating parts, — when near the middle of 
the stroke, and when the crank and connecting rod form an 
angle of 90°. / 

9th. — The distribution of the aggregate energy of the steam 
exerted on the pistons, being in the Compound Engine in so 
much higher proportion at the angle of 90 ® of the crank, 
than in the Simple Engine, is more usefully exerted. 
10th. — No possible arrangement of weight and speed, can so 
adjust the inertia of the reciprocating parts in the Simple 
Engine, as will give the same useful incidence of pressure on 
the crank pin which can be obtained in the Compound 
Engine, — unless the range of expansion be very^mall. 
llTH. — The Direct Acting Vertical Engine, as hitherto made, is 
objectionable, inasmuch as it is not correctly balanced, and as 
a consequence, generates unsteadiness in working. 
12th. — The Compound Engine is not subject to heating of the 
crank-pin and journal to near the same degree as the Simple 
Engine, — both having the same range of expansion, and all 
other conditions being equal. 
IdTH. — The initial condensation in any cylinder is greater rela- 
tively to the measure of steam admitted, as the cut-off is 
earlier. 

14th. — The permanent condensation in the Simple Engine is 
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daubU that of the Oompound EngiiM,*^^!! other conditions 
being equal. 

15th. — With the same proportion of permanent condensation to 
power obtained, the gain by increased pressure of steam will 
be as shown in lines 17 and 21 in the Table of Proportions, 
&c., for Compound Engines, page 280 ; assuming — what is 
almost invariably allowed — that a given weight of water will 
be evaporated into steam of any given practicable pressure 
by the same weight of coal. * 

16th. — By squaring the number of expansions, the power will 
be doubled with the same weight of steam, — provided that 
the permanent condensation shall bear the same proportion to 
the power obtained, and that the terminal pressure in the low 
pressure cylinder be coincident with the back pressure there. 

17th. — By the application of a RECEIVER between the high and 
low pressure cylinders, the true principle of expansion can be 
carried out in the Compound Engine. 

18th. — ^By the use of a Receiver, the "Gap" between the high and 
low pressure cylinders, so often regarded as inevitable in the 
Compound Engine, may be obviated ; and the coincidence of 
the back pressure in the first, and the initial pressure, or 
steam line, in the second cylinder, almost completely attained. 

19th. — By having the Receiver of large capacity, the pressure 
therein will approximate to a constant equilibrium ; and the 
exhaust line in the high pressure cylinder, and the initial 
pressure line in the low pressure cylinder, will, or may, be 
parallel with the atmospheric line. 

20th. — In any Compound Engine, where the two cylinders are 
placed on parallel lines, the use of a Receiver will permit 
the cranks to be fixed at right angles ; and such positions will 
secure a better distribution of the rotating efforts, and conse- 
quent greater uniformity in the motion of the fly wheel. 

21 ST. — By our rule of proportion for Compound Engines, each 
cylinder will yield its proper and most useful share of the 
total power, — the low pressure cylinder always giving the 
greater power ; but the difference between the two cylinders 

* By increasing the boiler pressure ft'om SOIbs to lOOlbs per square inch by the pressure 
gauge, one per cent, more heat will be absorbed in evaporating a given weight of water from 
an initial temperature of 50° Fahrenheit. 
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never being greater than is shown in the Table of Proportions, 
&c., and any deviation therefrom will be in the closer approxi- 
mation to equality of power ; yet still leaving to the low 
pressure cylinder more than half the total power, if the valves 
continue to cut oflf at the points fixed by rule. 

22kd. — The Compound Engine is more economical than the Sim- 
ple Engine, inasmuch as a less consumption of fuel is required, 
and a less increment of temperature given to the condensing 
water, for the same given amount of power, — all other condi- 
tions being equal. 

2dBD. — The speed of piston should be as high as is practicable, 
without generating unnecessary back pressure, or great in- 
equality in the incidence of pressure, or unsteadiness in 
working, or excessive wear and tear. 

24th. — Stated concisely and comprehensively, the Compound 
Engine, when proportioned and arranged according to our 
rule, &c., will give a better distribution of pressure un the 
. crank, or cranks ; will not produce such dangerous strains ; 
will give greater steadiness and uniformity of rotation, more 
especially if there be two cranks placed at right angles ; will 
give a double effective pressure on the pistons at half-stroke, 
when the cranks are at right angles with the connecting rods, 
and inertia inoperative; will generate less, heat in the 
bearings, and will therefore dissipate less energy externally ; 
will produce less permanent condensation of steam in the 
cylinders ; will transmit less heat to the condenser, and there- 
fore will consume less heat, less steam, and less fuel, — as 
compared with the Simple Engine giving the same amount of 
power, and having the same initial pressure and range of 
expansion,-^and all other conditions being equal. 

W. D. 



CHAPTER XI. 



STEAM JACKETING. 

a 

'pHE exact value or benefit of Steam Jacketing has not yet been 
■*- determined in such a manner as to set the question at rest, and 
furnish a sure and unerring guide to the Engineering worid. The 
subject seems to be shrouded in uncertainty and mystery to such a 
degree, that many deny altogether that any saving can be eflfected by 
the use of the Jacket. Not long ago, at one of the meetings of the 
Institution of Mechanical Engineers, this question was debated by 
the members present, after the reading of a paper treating upon it, 
and some of them declared that they had proved experimentally that 
no economy whatever resulted from the application of steam to the 
Jacket of the cylinder. Such being the position of the question, it 
is important to examine it by the light of accurate and well authenti- 
cated data. Whether or not we shall be able to arrive at clear and 
definite knowledge of the laws which govern the operations, we may 
nevertheless ascertain the general conditions which will secure good 
and important results. 

That there is economy in Steam Jacketing when properly applied, 
can be proved satisfactorily. The simplest and clearest proof, and 
one which can be understood by the commonest apprehension, is 
supplied by the case of a Steam Engine, the cylinder of which is 
Jacketed, and the Jacket supplied with steam direct from the boiler. 
With steam in the Jacket, the Engine could be run at the proper 
speed without diflSculty ;.but when the steam was shut off from the 
Jacket, the speed could not be maintained, and a larger consumption 
of fuel was required. When the steam was again allowed to flow into 
the Jacket or Casing, the proper speed was soon regained, and less 
stoking was required. Numerous examples, corresponding with this 
case, support the same conclusion. 

A case of Steam Jacketing at Mr. Eli Heyworth's, Audley Hall 
Mill, Blackburn, Lancashire, is very noteworthy. The experiments 
with this Engine, which have been numerous and exact, furnish some 
of the most important and valuable data. The Engine is a Compound 
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Horizontal, with the high and low pressure cylinders placed parallel 
with each other, — the pistons being connected with separate cranks, 
which are placed at opposite ends of the fly-wheel shaft. The 
cylinders are both Cased or Steam Jacketed, and these Jackets receive 
steam direct from the boiler, the pressure in which is 80ft)S per inch 
by the pressure gauge . The condensed water is conducted back to the 
boiler direct, so that there may be the least possible loss bf heat. A 
more detailed description of this Engine is given in connection with 
Diagrams 42 and 43. 

Three distinctly different kinds of tests have been made with these 
Steam Jackets, in order J;o ascertain their efficiency : 

1st. — The difference in th^ speed of the Engine, mth and tuith- 
out steam in the Jackets j every other condition remaining 
unchanged. 
2kd. — The quantity of steam admitted into the cylinder at each 
stroke, with and without B\^Kai in the Jackets; whilst the 
weight or load, speed, boiler pressure, and every other con- 
dition remained unaltered. 
3iiD. — The increase of temperature given to the injection water 
by the steam which passes through the cylinders into the 
condenser, with and without steam in the Jackets ; whilst the 
speed, load, boiler pressure, quantity of injection water, and 
all other conditions remained constant. 
With regard to speed, the first of the series of tests enumerated 
above, a detailed account will be found in description of Diagrams 
42 and 43. It will be sufficient to state here, that the increase of 
speed was from 33 revolutions per minute without steam in the 
Jackets, to 37^ revolutions with steam in the Jackets. Here is a 
remarkable difference of speed due to the influence of steam in the 
Jackets. Whether this increased speed is obtained by the same con- 
sumption of steam as the slower speed, is problematical, and deserving 
of close investigation. The question will be found treated in con- 
nection with Diagrams 42 and 43. 

The next test relates to the amount of steam used at each stroke 
of the piston, with and without steam in the Jackets, as shown by 
the Indicator Diagrams ; and as detailed particulars are given in the 
treatment of these, it will only be necessary to say here that, with 
steam in the Jackets, 10 per cent, less is admitted into the cylinders, 
as shown by the pressure at the termination of the stroke in the high 
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pressure cylinder (which takes no account of the quantity then held 
in the state of water), than when the Jackets are not thus supplied, 
and when the loss by condensation in the Casings has been allowed 
for, — the loss here being small. 

The third test made was to ascertain the amount of heat which 
passes from the cylinder to the condenser. This admits of exact 
demonstration, and supplies the most reliable and valuable data by 
which to determine the efficiency of Steam Jacketing. A consider- 
able number of tests have been made, and with a uniformly* good 
result. 

With the speed, the boiler pressure, the weight on the Engine, 
and the quantity of injection water remaining constant, the increase 
of temperature of the injection water, when steam is in the Jackets, 
is 26^; whereas, when steam is not in the Jackets, the increase of 
temperature is 30° Fahrenheit. Say, for example, that the injection 
water in both cases is 50° initial temperature, then the ejection 
water will be in the one case 76°, and in the other case 80°. The 
experiments have been made on different days, and at various hours 
of the day ; and the initial temperature of the injection water has 
een somewhat variable, as must obviously be the case ; yet the 
increase of temperature given to the water by the steam, has been in 
every instance as above, within the smallest limits of variation. The 
slight diff<^:ence which has occurred would make the mean of the 
differences between the two conditions a little more than is given 
above, but so little in excess that the variation may be entirely 
disregarded. We may, without hesitation, state that the amount of 
heat passed into the condenser when steam of 801bs pressure is 
supplied to the Jackets of the cylinders, is only 8 6* 6 per cent, of the 
amount thus passing when the Jackets are not supplied with steam. 
Here there is a saving of 13*4 per cent, of heat, at the cost of the 
condensation of steam in the Jacket. 

The experiments, with a view to ascertain the amount of conden- 
sation in the Jackets, seemed to prove that the loss of heat here is 
exceedingly small : see detailed account of this in description of 
Diagrams 42—43. 

An important element in the case has yet to be introduced, viz., 
the degree of expansion. Here the real expansion amounts to 14-21, 
and the apparent expansion — that is, as shown by the point of cut- 
off in the diagram — is 18*85 times. With a less degree of expansion 
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the saving bj the application of Steam Jackets would probably be 
proportionately less. 

We have here given the facts of a series of different tests, and thej 
give so close an approximation to uniformity of result, that little 
doubt can remain of the general correctness of the conclusion to which 
they unmistakably point. 

The results of Steam Jacketing of the cylinders of the Beam Engines 
of Sir Titus Salt, Bart., Sons, & Co., Saltaire, have been detailed 
in connection with Diagrams 45 — 46. The real ratio of expansion in 
Diagram 46, which represents the condition of working of the Engines 
during th> time of making the extensive series of experiment?, and 
which therefore serves as the basis of the calculations in connection 
therewith, is 11'4, whilst in the case just examined^ the ratio of 
expansion is 14*21. The cylinders, in the present case, be it 
remembered, are surrounded with steam at both ends, as well as at 
the sides, which will make a considerable difference in the area of 
surface (internal) thus influenced by external heat. If it be beneficial 
to heat the cylindrical part of the cylinder, then obviously, it will be 
still more beneficial to heat every part. And if the piston itself could 
be supplied with steam internally, then the beneficial results must be 
still further increased. 

The opinion has been held by some very eminent authorities, that 
the beneficial results of Steam Jacketing were much greater in the 
Simple than in the Compound Engine ; that indeed the gain, if any, 
iirthe Compound Engine, was exceedingly small. Now the Compound 
Engine represented by Diagrams 42 and 43, and the Simple Engines 
represented by Diagram 46, furnish an excellent means of comparison. 
There is no great disparity -in the ratio of expansion, and the Jackets 
in both cases are supplied with steam of the boiler pressure. Although 
the Jackets of the Compound Engine are supplied with steam of a 
higher pressure, and therefore of a higher temperature, than the 
Simple Engines, yet the former has the greater ratio of expansion, 
and the cylinders have not the whole internal surface heated by the 
Jackets. The temperature of 50lbs absolute, as in the case of the 
Simple Engines represented by Diagram 46, is 281° Fahrenheit; and 
in the Compound Engine, with 95lbs absolute, the temperature is 
824°. Taking all the conditions of the two cases into account, the 
advantage will be on the side of the Simple Engines in the 
proportionate benefit to be derived from Steam Jacketing. 
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What are the actaal resalts ? In the Simple Engines the saving 
amounts to 14*3 per cent., and in the Compound Engine to 13*3 per 
cent.> as near as the data enable us to determine. 

This comparison may not be absolutely correct, for the following 
reasons : In the case of the Compound Engine (Diagrams 42 — 43) 
the gain of 13'3 per cent, is deduced from the tests having reference 
only to the quantity of steam passing through the cylinders, and not 
including that supplied to the Jackets. In the case of the Simple 
Engine (Diagram 46) the saving of 14'3 per cent, is on the whole 
consumption of steam; but when calculated. for that steam only 
which passes through the cylinder, then it will amount to 17*16 per 
cent. Is the quantity consumed in the Jackets in the same proportion 
to the gross consumption in the two cases, or even approximately so? 
Our trial to ascertain the quantity of steam condensed in the Jackets 
of the Compound Engine showed it to be exceedingly small. Still, 
the result of this one trial cannot be accepted as settling the question 
of the proportionate Amount of condensation in the Jackets of 
Compound Engines. Careful experiments are required to determine 
the proportion of condensation which may occur in the Jackets of 
Simple and Compound Engines, — all other things being equal. 

That a larger proportionate consumption of steam is required in 
the Jackets in the case of the Simple Engine (Diagram 46) than in 
the case of the Compound Engine (Diagrams 42 — 43) here under 
consideration, is rendered highly probable by the tendency of many 
facts. In the first place, as the ends as well as sides are Jacketed in 
the Simple Engine, there will necessarily be a larger abstraction of 
heat from the steam in the Jackets, than when the cylindrical pare 
only is cased. And in the next place there will probably be a larger 
transmission of heat from the covers to the steam within the cylinder 
for each unit of area, than from the cylindrical and bright parts of 
the cylinder. More of this hereafter. In the third place, the Simple 
Engine will abstract a larger quantity of heat from the steam in the 
Jackets than the Compound Engine, — other conditions being equal. 
This last statement is fully warranted by the fact that the Compound 
Engine carries less heat into the condenser than does the Simple 
Engine, for the same amount of power and the same range of 
expansion, and all other conditions being equal. For evidence of 
this, see page 240. As a larger quantity of heat passes through the 
cylinders of Simple than of Compound Engines for a given amount 
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of power : and as the initial condensationandaabaequent re-eraporation 
is greater in the former than in the latter^ whether the cylinders im 
Steam Jacketed or not ; then it follows that a greater alternation of 
temperature of the metal takes place in the case of the Simple than 
of the Compound Engine, and tbat therefore a larger abstraction of 
the heat of the metal by the steam is the result. Granting this, 
then eyidentlj the steam in the Jackets will haye a correspondingly 
greater quantity of heat to communicate to the inner surfaces of the 
cylinders with the simple than with the compound principle. In view 
of all the conditions and demonstrated tendencies enumerated in this 
connection, it may be safely concluded that there will be a much 
larger condensation in the Jackets of the Simple Engines (Dlc^ram 
46), than in the Compound Engine (Diagrams 42 — 43), in proportion 
to the amount of power. How much more cannot be determined 
now. 

The Simple Engines having the smaller number of revolutions 
per minute, even though of greater piston speed, will have the internal 
surfaces exposed to the cooling influence of the condenser for a longer 
time, and will therefore be subjected to a greater abstraction of heat 
per unit of surface, — other conditions being equal. The range of 
temperature is slightly greater in the Compound than in the Simple 
Engines, taking, in both cases, the initial and the final back pressure 
temperatures. As in the case of the Compound Engine there is a &11 
of lOlbs from the boiler pressure to the initial pressure in the cylinder, 
a slight advantage will be obtained independently of the Steam 
Jacket, as will be explained further on, and somewhat lessening the 
proportionate gain from the Jacketing. 

A striking illustration of the effect of the steam in the Jackets of 
the cylinders of Sir Titus Salt, Bart., Sons, & Co., Saltaire, is the fact, 
that if the steam be shut off from the Jackets for a short time, and 
unknown to the stokers, they discover, by the heavier firing required, . 
that something is amiss, and soon begin to inquire what is the matter. 

The difference in the increment of temperature given to the 
injection water corresponds approximately with the proportion of 
saving in fuel. 

As in the chapter on Compounding we have shown, by a notable 
and reliable case (see page 239), that by compounding, a saving of 
33 per cent, was effected then presumably, an equal saving would be 
effected in this case. But let us assume the gain by compounding at 
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25 per cent, on tne higher consumption of fdel. This would reduce 
the 84 tons per week, tb 63 tons ; and allowing a still further reduction 
of 14 per cent, by Steam Jacketing, the consumption would then be 
54*18 tons per week. As the saving effected by compounding, from 
Diagrams 13 to 47 — 48, amounts to 33 per cent, with 6*2 expansions, 
then it may safely be concluded that, with 11*4 expansions, as found 
in Diagram 46, the saving would not be less, but more; because, by 
the facts and arguments advanced in -the chapter on Compounding 
and elsewhere, it is clear that the proportionate gain in changing 
from the simple to the compound principle, will be greater with the 
higher ratio of expansion. What may be the ratio of increase in 
economy relatively to the higher ratio of expansion in changing from 
the simple to the compound principle — all other conditions remaining 
the same, — we have not the data which will enable us to determine. 

The reader will remember, that of the estimated Saving of 33 per 
cent, just referred to, a part of this, amounting to 9 per cent., was 
stated to be due to the higher co-eflBcient of expansion which is found 
in the Compound Engine, leaving 24 per cent, as the net gain when 
corrected to the same co-efficient of expansion, and for the same 
amount of power, by the method described on pages 304 — 306 : see 
also page 242. 

The Simple Engine (Diagram 46) with 11*4 expansions, would; 
in like manner, if compounded, give a higher co-efficient of expansion, 
with the initial pressure and point of cut-off remaining as at present, 
because the terminal pressure, instead of being 6-751bs as in the 
Simple Engine, would then be only about 41bs. This would seem to 
give a greater range of expansion ; and certainly, when estimated by 
the initial and terminal pressures, such would be the case. "When, 
however, the initial and final volumes only are considered, the range 
of expansion will remain unchanged. The difference in the co- 
efficients being the result of the greater initial condensation and 
subsequent re-evaporation which occurs in the cylinder of the Simple 
Engine. » 

The increase in the co-efficient of expansion would not, however, 
be so much as in the case of changing from Diagrams 18 to 47 — 48, 
because there the increased cylinder capacity gives a greater range of 
expansion than before, and therefore the gain to be expected in the 
co-efficient of expansion by compounding No. 46, would not be so 
great. It does seem safe then to conclude that an equal gain would 
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result by compoanding the Simple Engines represented by Diagram 
46^ as was experienced by changing from Diagram 13 to Diagrams 
47—48, and that therefore when we assume 25 per cent, as the saving 
to be effected by the compound principle, we are fully warranted by 
an example which furnishes the most abund^^nt proof. 

As the calculations in the chapter on Compounding in connection 
with Diagrams 13 and 47 — 48, show the perm^ent condensation in 
the former to be 43 per cent., and in the latter only 15 per cent. ; or, 
by the higher estimate of eraporative efficiency of the boilers, to 49*25 
per cent, and 25*25 per cent, respectively (see pages 242 and 301) ; 
and as the initial condensation has been proved to be greater as 
the ratio of expansion is greater, — ^all other conditions being the 
same, — then, it is probable that the permanent condensation is greater 
also. 

Adopting this last conclusion hypothetically, it will explain the 
cause of the disappointment which is so generally experienced in 
working with a high degree of expansion in the Simple Engine. We 
find many cases of very moderate expansion, — say with initial 
pressure of 30 — 351bs absolute, and a terminal pressure of 5 — 7lbs, 
and having no very decisive cut-off, working almost, if not quite, as 
economically as some of what are looked upon as the best examples 
of high initial pressure, and early and instantaneous cut-off. We 
will assume the boiler pressure to be the same in these cases just 
introduced, notwithstanding the great difference in the initial pressure 
on the piston, and range of expansion. This pressure we will say is 
601bs by the gauge, making 751bs absolute. We will assume the 
early cut-off to have an initial pressure of 701bs, and the later cut-off 
to have an initial pressure of 351bs absolute. The temperature due 
to 751bs boiler pressure is 307*5*'. Neither of the cylinders are 
supposed to be Steam Jacketed. 

When steam falls in pressure without resistance being opposed to 
it, and without performing work,, no loss of heat takes place, except 
so much as may result from contact with the sides of the vessel into 
which it may issue ; so that if such vessel should have tfa^ temperature 
of the steam entering, there will be no sensible change; hence, 
when steam of 75lbs pressure in the boiler, passes into the cylinder 
at 85lbs, it has a temperature of 48° in excess of that due to the latter 
pressure. This excess of temperature is expended in supplying heat 
to the cylinder which has been reduced in temperature by bemg 
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exposed to the cooling influence of the condenser. Until the whole 
of such excess of heat has been giyen up by transmission to the metal, 
and by transmutation into the niotion of the piston, no condensation 
can take place, the result of which is, that the initial, and probably 
the permanent condensation is proportionately less. 

So far this seems clear, and the conclusion is supported by the 
highest authorities. As, however, the temperature of the metal of 
the cylinder will certainly be reduced as low — all other things being 
equal— in the one of low initial pressure, as in the one of high initial 
pressure, it is not apparent at once why the -steam — which is assumed 
to be of the same temperature in both cases, although of different 
pressures — should be more condensed in the one cylinder than in the 
other. The difference in the pressures constitutes an element in the 
case, the influence of which seems to have been overlooked by all the 
writers on this question. The elements which must be recognised 
in the investigation are, — the temperature of the steam, its pressure, 
volume, and the temperature and area of the internal surface of the 
cylinder to the point of cut off— including cover and face of piston. 

If the steam in its expansion in the cylinder of the Simple Engine 
be assumed to correspond to the hyperbolic curve, then, for the same 
terminal pressure, the higher initial pressure will give the greater 
power, and its point of cut-off will be earlier in proportion as its 
pressure is higher. If, however, an excess of initial and permanent 
condensation takes place in the case of higher pressure and earlier 
cut-off, greater than the gain which results from the higher ratio of 
expansioa as shown by the hyperbolic curve, or isothermal law, then,, 
clearly, the balance will be in favour of the lower initial pressure. 
This is just one of the questions which requires to be determined. 
The law of expansion, as showing the increase in the power by an 
increase in the ratio of expansion, can only be a correct representation 
of the relative economy, when the condensation bears the same 
proportion to the weight of steam used per stroke of the piston. As 
the point of cut-off is earlier, the internal surface of the cylinder with 
which the steam is in contact to such point of cut-off, increases in an 
accelerating ratio relatively to the volume of steam at initial pressure. 
Bence' the earlier the cut-off in a cylinder, and the greater is the 
proportional area of the surface with' which the steam has come in 
contact — and as a consequence has been condensed, — ^relatively 
to the whole internal surface of the cylinder. 
t2 . 
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If, in one case, we have a cylinder in which the absolute initial 
presBnre is 351bs, and the terminal pressure 7ibs, then the cut-off will 
be at one-fifth of the stroke ; and if the stroke should be 5 feet, the 
cut-off will occur at 12 inches traverse of the piston. If, next, the 
initial pressure in the cylinder be TOJbs, which is double that of 
351bs, then the cut-off will require to be at one-tenth of the stroke 
for the same terminal pressure. Say the diameter of the cylinder is 
30 inches, which will give an anea of 706 inches, and a circumference 
of 94*25 inches. . As the diametrical or sectional area of the cylinder 
includes both cover and piston, then the surfaces will be 706 x 2=1412 
inches ; and adding the cylindrical br circumferential area, which is 
for the lower initial pressure and later cut-off, 94*25 x 12 = 1131 
inches, will together give 2,543 inches. When the cut-off is at one- 
tenth (6 inches), the total internal area at the point of out-off will be 
1,977*5 inches, being 77*76 per cent, of the former, or seven-ninths. 
The real difference will be still less than this, as the surface area of 
the ports, &c., will be the same whether the cut-off may be earlier or 
later. 

Let Qs come now to the consideration of the effect of pressure. 
We will assume that the cylinder has been reduced to the same 
temperature during the exhaustion of the steam, and that the 
temperature of the steam on its admission to the cylinder is the same 
in both cases, as shown above, even though the pressure in one case 
is double that of the,other. Now the rapidity with which the heat 
of the steam will be transmitted to the metal will be as the pressure, 
— ^all other conditions being equal. The heat of the steam being 
transmitted to the metal by convection; and the quantity thus 
transmitted being as the velocity of the fluid passing over the surface 
in a given time ; and the measure of the velocity of the atoms of the 
steam being as the pressure ; it follows that the transmission of heat 
will be as the pressure. Then the conclusion seems clear, that the 
condensation at the higher pi-essure will be greatest for a given time 
and area. As, however, the lower pressure must heat a larger surface 
in the ratio of 9 to 7, then the amount of heat transmitted will be 
supposed to be increased from one-half in the ratio of 7 to 9, and 
that therefore the initial transmission of heat will be increased from 
50 to 64*3 per cent. 

There is one more element which has not yet been introduced into 
the consideration of the question. This element is time. It is quite 
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clear that time will be an important element in the case, until such 
duration as will have sufficed to produce an equilibrium of tempera- 
ture between the steam and the metal. The lower pressure will have 
the longer time for the transmission of heat to the point of cut-oif, 
but not double, — the time being as 1 : 1'4324. This would seem 
at first sight to bring the value of the two cases to near an equality, 
because 64*3 per cent, multiplied by 1*43 will equal 92 per cent. 
This view would he altogether fallacimis. The time, to any given 
point of traverse, is the same in both cases, although in one case the 
heat of the steam is transmitted to the metal before the cut-off occurs, 
and- in the other case after, to a given point of traverse ; so that 
although the element of time, as here stated, may have some influence, 
it is probably only small. 

The permanent effect of the initial condensation will be consider- 
able, even though there be a plentiful re-evaporation as the steam 
expands, because of the much greater conductivity of watery than of 
dry steam. When the steam has once become charged with water, as 
the result of condensation or otherwise, its capacity for carrying 
away the heat is immeasurably increased. This is abundantly and 
conclusively proved by the fact that when the stftam, before entering 
the cylinder, is superheated, its terminal pressure and temperature 
are lower, and much less heat is transmitted to the condenser^ as 
shown by the less increment of temperature given to the injection 
water. If, when steam of a higher temperature passes into the 
cylinder, a lower temperature, and al30 a smaller quantity of heat, 
issue from the cylinder to the condenser^ then it is clear that the 
state or condition of the steam, due to superheating, is not so efficient 
in conducting and distributing the heat of the metal, and hence less 
heat is transmitted to the condenser. 

The smaller sum of heat carried into the condenser is correlated 
with the fact that, when the steam is superheated, a smaller quantity 
suffices to produce a given amount of power ; or rather, the smaller 
quantity of heat carried into the condenser, and the smaller quantity 
of steam required for a given amount of power, are two different 
phases of the same operation, and which resolve themselves into 
reciprocal concomitants. Under the conditions here defined, the 
fall in temperature, which must inevitably occur by the performance 
of work, does not result in the liquifaction of the steam, except to a 
very small extent; it cannot therefore take up sp much of the 
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heat of the metal before passing into the condenser, as when it is 
heavily charged with vapour, or mist. 

If the reasoning and conclusions arrived at so far be correct, then 
the alternations of temperature of the metal of the cylinder will not 
be so great : and indeed, this conclusion is a corollary of the former 
one; because, if with a higher initial and a lower terminal temperature, 
less heat passes out of the cylinder, then the alternations of temper- 
ature occur more in the steam, and less in the metal. This is the 
result which shauld always he aimed at, — to luive t?ie smallest 
possible alternation of temperature in the metal, and the greatest in the 
steam. 

Seeing that it is of such extreme importance to prevent the 
liquifaction of the steam, which may place in contact bodies of such 
high conductivity as water and iron, and which would as a consequence 
carry off the heat of the metal of the cylinder into the condenser ; 
and remembering- that dry steain has only small conductivity, in 
comparison with watery s£eam, it will be apparent that if the inner 
surfaces of the cylinder can be maintained at such a temperature as 
will prevent condensation on the admission of the steam, and also 
re-evaporate that which may be condensed by the performance of 
work, it will have a beneficial effect. If possible, there should be no 
more condensation on the surface of the metal than is necessary to 
assist in the lubrication. The beneficial results here under consider- 
ation may be produced, to some extent, by the application of the 
Steam Jacket. The extent to which such effect may be produced, 
will depend on the pressure and temperature of the steam admitted 
to the Jackets, — the proportion of the whole internal surface of the 
cylinder thus surrounded, — and likewise on the thickness of the 
metal through which the heat must pass from the Casing to the 
. internal surface. Iron being in all cases the metal used, the con- 
ductivity will be the same, — other conditions being the same. 

To include, as just above, pressure, apart from temperature, as an 
element which contributes to the effect of the steam in the Jacket, 
may perhaps seem superfluous ; but remembering the remarks on 
pressure and temperature in a slightly different connection, it will be 
seen that the transmission of the heat of the steam in the Jacket to 
the metal, will be, not alone as the temperature, but as the pressure 
also ; because, if the steam should be superheated, as urged in another 
part of this chapter, then its temperature will be higher than that 
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due to saturated steam of the same pressure. The increase of pressure 
by superheating will be very small, — being represented by the 
co-efficient of expansion for dry elastic gases. Superheating, properly 
speaking, cannot come into operation until every particle of water 
which may be held in suspension, has been turned into dry, anhydroufl 
steam. When this point has been reached, the law of expansion of 
gases by heat comes into operation, which gives equal increments of 
volume by equal increments of temperature at a constant pressure. 
The- co-efficient of increase of volume is 0*002035 for one degree 
Fahrenheit.* Taking the steam of 75ft)S absolute pressure, the 
temperature of which for saturated steam is 307-5^; and superheating 
it to the temperature of 350°, its pressure would be increased to 
81'5ft)S, whereas saturated steam of the same temperature would have 
a pressure of 135ibs. 

The thickness of the metal of the cylinder, that is, between the 
steam in the Jacket and the internal surface of the cylinder, is of very 
great importance, because the transmission of heat, both in time and 
quantity, is inversely as the distance passed through ; and therefore 
the shorter such distance, the more efficacious will be the steam in 
the Jackets. It would be well, with this view, to cast the working 
cylinder as thin as practicable, and give strength by external ribs, at 
suitable distances apart, longitudinal and transverse. An objection 
to this plan will be in the impossibility of repeated re-boring of the 
cylinder. But this small advantage had better be sacrificed to perma- 
nent economy of steam. Besides, it would be practicable so to 
harden the internal face of the cylinder that little wearing would 
occur. And the harder the surface, the less would be the friction. 
This being done, the advantage would be considerable. 

It has been shown in connection with diagrams 45 — 46, that 
notwithstanding the application of steam of the boiler pressure to the 
Jackets, the initial condensation is very considerable. This, in all 
probability, is caused in a great measure by the great range of 
temperature to which the internal surface of the cylinder is exposed, 
— the initial pressure of steam, which is the boiler pressure, ov very 
near it, representing 281° Fahrenheit, and the terminal part of the 
exhaust line representing about 92°, giving a difference of 189° 

* It has been established esperimentaUy that gases increase one two-hondred-and-seventy- 
third of their volumd at a constant pressure, for one degree Centigrade increase of temperature, 
and this is equivalent to one four-hundred-and-ninety-onc decimal four for one degree 
Fahrenlieit, and will theref(^e be correctly expressed decimally by 0'002035. 
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between the steam admitted and that which has jnst departed.* If 
the steam in the Jackets was sufficient to maintain the internal 
surface of the cylinder at the temperature corresponding to the steam 
at initial pressure, then clearly, no condensation would occur, except 
as the result of work performed, and this would be immediately 
re-eyaporated ; or, at least, such portions as should come in contact 
with the heated metal. 

As the temperature of the steam supplied to the Jackets is the 
same as that supplied to the cylinders (in the case represented by 
Diagram 46), then it is simply impossible that the internal sarfiace 
can be of the same temperature, because it has been exposed to the 
cooling influence of the condenser during the whole of the return 
stroke, and the inevitable result will be a lower temperature than 
exists within the Jackets. With steam of higher pressure and 
temperature supplied to the Jacket, and the metal between this and 
the inner surface thinner as suggested just above, the initial, and 
also the permanent, condensation would probably be considerably 
reduced. The transmission of heat by conduction is governed by 
time and distance ; and the amount transmitted will be greater as 
the distance is less. It is clear then that to secure the greatest 
attainable economy by Steam Jacketing, these must be supplied with 
steam of a much higher temperature, and higher in proportion as the 
metal is thicker through which the heat must be transmitted. Even 
if the thicker metal had the power of transmitting the same degree of 
temperature by allowing a sufficient lapse of time, yet time is an all 
important element in the case ; and evidently the heat abstracted from 
the metal during the exhaustion of the steam, could not be restored 
with sufficient rapidity, unless the metal should be thin, and the 
temperature in the Jacket in excess of that required on the inner 
walls of the cylinder. 

Whether a range of temperature of near 200^ can be successfully 
provided for in one cylinder, without introducing the objectionable 
effects which result from excessive superheating, and which destroys 
all the lubricating properties, and causes a great amount of wear, — 
it is very doubtful. For a given initial pressure, it is quite evident 
that in the Simple Engine, either the steam will i^uire more super- 
heating, or that the cylinder will require to be raised to a higher 

* The range of temperature given on page 310, is 175 degrees. In that riew the exhaust 
line is not taken at the lowest pressun. • 
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temperature by the external applieation of heat, in order to provide 
for the gi-eater range of temperature. The balance of experience 
fayonrs the conclusion that the object under consideration cannot be 
attained in one cylinder^ or, at all eveots^ not without such practical 
inconveniences as prove fatal to the successful working. 

Undoubtedly the subject of Steam JACKBTiNa would form a more 
interesting study, and would be much better appreciated, if the laws 
which govern the operations involved could be thoroughly determined 
and made apparent. Now the power given out by a Steam Engine 
is limited by the expenditure of heat ; and one of the most vital 
questions connected with this fact, is the proportion of heat which 
can be transmuted into useful energy, — that is, into power as under- 
stood in connection with the Steam Engine. 

Although the whole of any mechanical motion can be converted 
into heat, yet only a small portion — and usually a very indefinite 
portion — of heat can be converted into usefnl* motion ; so that 
whilst motion can be converted into heat, it is only partially 
reconveiiible. All the arrangements of the Steam Engine and 
boiler should be determined with a view of utilizing the largest 
proportion possible of the beat of the fael in mechanical motion. 
Confining our view of this principle in its application to the action of 
the steam within the cylinder, it may be l^oadly stated that, to admit 
steam into the cylinder at the highest practicable temperature, and 
discharge it into the condenser at the lowest practicable temperature, 
for a given amount of terminal pressure, will secure the greatest 
e^ec toe energy of the steam. 

It should always be remembered that all radiation of heat outside 
the cylinder is absolute loss of power ; so that whether the cylinders 
may be Steam Jacketed or not, they should invariably be so protected 
or conditioned, as to radiate as little as possible externally. The 
question of radiation will be treated a little further on. 

When steam expands under pressure> or a resisting medium, it 
not only falls in pressure, but in temperature also. The temperature 
thus resulting is assumed to correspond to that of steam of the same 
pressure in the presence of water from which it has been evaporated, 
and which is called the temperature of evaporation, or boiling point. 
The heat which has disappeared — assuming here that none has been 
lost by contact with the metal — has been transmuted into mechanical 
motion ; and some portion of the steam will also be condensed by 
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reason of its latent heat being subject to similar transmutation ; and 
if special provision be not made for its entire or partial re-eyaporation, 
the cylinder will contain, at the termination of the stroke, steam 
which carries a considerable admixture of wateY*. The effect of such 
watery condition of the steam is to absorb a large amount of the heat 
of the cylinder, and carry it into the condenser, leaving the cylinder 
cooler by the amount of heat thus abstracted, and so preparing it to 
condense the next influx of steam. 

Bearing on this part of the question, is the fact — of vital 
importance — that watery steam, or vapour, has an immeasurably 
greater conducting and absorbing power than dry steam. This has 
been proved beyond all doubt by the highest scientific experimen- 
talists, and is supported by innumerable proofs and illustrations 
which are matters of every-day experience. Now, as the steam cannot 
be maintained in a perfectly dry state during the whole of the time 
which it remains in the cylinder, then it becomes important to adopt 
such arrang^ents as may render this high absorbing power of the 
steam the least efficacious in acquiring the heat of the metal. When 
the cylinder is Steam Jacketed, and especially if raised to a sufficiently 
high temperature, the eflPect on the vaporous steam within the cylinder 
appears to be this : The higher temperature of the metal of the 
cylinder than that of the low pressure steam at the end of the forward 
stroke, and during exhaustion, will convert the watery particles 
coming in contact, into steam of slightly higher tension, and which 
will thus form, in some measure, a protecting medium between the 
walls of the cylinder and the mass of the steam. 

The action here conceived may be illustrated by what takes 
place when drops of water are let fall upon a hot plate of metaL 
When the plate is above a certain temperature, the water will continue 
for some time in the state of -water ; and if examination be made, it 
will be found that the water is not in actual contact with the metal, 
and that objects beyond can be seen between the metal and the 
water. This is the result of a very small portion of the water being 
converted into steam, the atoms of which are likened, by Professor 
Tyndall, to minute projectiles discharged by the hot metal against 
the water, and thus keeping it apart. When the metal is reduced in 
temperature, the water will be instantaneously converted into steam, 
because the heat i» not sufficient to generate the high projectile force 
necessary to maintain the separation. 
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A LAW seems to be inTolyed here, which has not yet been 
developed. It is more than probable that the separation which will 
be maintained at any given temperature will be governed by the 
pressure, and that contact would be instantaneous and complete if 
the pressure should be sufficiently increased, — no matter how high 
the temperature might be. And so^ if the pressure be reduced, then 
presumably^ the temperature necessary to maintain separation will be 
lower also. The pressures and temperatures corresponding to the 
conditions of separation have yet to be determined. 

By assuming the sufficiency of the basis for the hypothesis just 
advanced, we shall be aided in the better understanding of the action 
of the Steam Jacket. If we suppose the cylinder to be of such a 
temperature that it will produce the effect which is witnessed in the 
case of the hot metallic plate and the drops of water, then it is quite 
evident that the amount of heat abstracted from the metal of the 
cylinder would not be near so great as when this condition does not 
obtain. In the case of the drops of water, the heat is transmitted to 
them very slowly, for if otherwise, they would not retain the state of 
water, but would be instantaneously changed into steam. Moreoveri 
the drops of water have been proved, by Professor Tyndall, by 
direct experiment, to have only the temperature of water in the liquid 
state with atmospheric pressure. It seems highly probable that the 
same principle will operate in the cylinder, and that when the 
pressure of steam is low, a temperatui*e not excessively high will 
produce a corresponding effect on the watery steam to that produced 
on the water by the hot metallic plate. To insure the result here 
'supposed, the temperature of the metal of the cylinder will require to 
be maintained at a considerable degree. That some such action does 
take place in the cylinder when Steam Jacketed, is an inference 
which seems fully warranted by all the known facts connected with 
the question. 

No doubt it will appear paradoxical that, with a higher temper- 
ature of the cylinder, the steam issuing from it should carry with it 
a less quantity of heat. But this is just the result which the Steam 
Jacket should accomplish ; and if it did not, then the supposed utility 
of it would be at once disproved most conclusively. As a given 
weight of steam, of a given pressure and temperature, represents a 
definite quantity of heat, then^ if for a given amount of power, a 
larger quantity of heat passes into the condenser^ so a larger quantity 

. v2 
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of flteam must have entered the cyliDcler^ because the same amount 
of heat in each case has been transmuted into mechanical motion. 
The ooncljasion at which we have now arrived may perhaps seem to 
the reader not to harmonise with the laws — as usually understood — 
of the transmission of heat, in accordance with which it is generally 
supposed that the loss of heat will be as the difference of temperature. 
But this law, as we have shown hypothetically, is governed by 
pressure ; and fiirthermore, that it is greatly modified by the action 
of the steam in the Jacket, which has the effect of creating a thin 
atmosphere of dry steam, forming a kind of insulator^ or non- 
conducting medium, between the inner walls of the cylinder and 
the mass of vaporous steam. 

The loss of heat by condensation in the Jackets is small in com- 
parison with the extra heat which, without the Jackets, would be 
carried away by the steam into the condenser; because, in the 
Jacket, the steam is not subject to the same conditions which exist 
within the cylinder. If the quantity of steam condensed within the 
Jacket was equal to the additional condensation, consequent on loss 
of heat, which otherwise takes place within the cylinder, then 
certainly, no benefit would accrue from Steam Jacketing. 

In a case of Steam Jacketing of the low pressure cylinders only 
of a pair of Oompound Engines, where the steam, after propelling the 
pistons of the high pressure cylinders, is conducted into the casings 
of the low pressure cylinders, and thence admitted on the pistons, — 
the amount of condensation is considerable. Here the conditions are 
ftindamentally different from the cases of Steam Jacketing which we 
have previously cited. When the steam has given half its available 
power in the high pressure cylinders — as is the fact in the case 
referred to, — then, as already shown, it will be in a vaporous state, 
by reason of the work performed. It is clear then, that after having 
passed through the transmission pipes, and the casings of the low 
pressure cylinders, the quantity of water precipitated by condensation 
must be comparatively great. 

Calculations have been given to show the proportion of steam 
permanently condensed within the cylinders under different ranges 
of expansion and other varying conditions, — and which condensed 
steam passes into the condenser in the state of water, finely divided, 
in the form of mist or spray. ' • The reader may perhaps regard such 
result, in whatever degree it may occur, as one to be averted by any 
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and every means possible. Let us endeayour to find the true value 
of this view. 

In the chapter on Componnding, at page 806, it was stated that 
with a steam cylinder perfectly non-conducting, and with an initial 
.pressure of 1201bs absolute, and 16 expansions, the condensation by 
tjbe performance of work would be 0*1953 of the whole. With a less 
range of expansion the condensation would of course bear a smaller 
proportion. These results are based on theoretical calculations. In 
the case of the Compound Engine, represented by Diagrams 42 — 48, 
where the actual range of expansion is 14*21, the calculated amount 
of permanent condensation was found to be 19*61 per cent., and 
therefore = 0*1961. Here the perfect theoretical efficiency of the 
steam is well nigh attained, minus the amount of heat abstracted 
from the steam in the Jackets. 

We have now to consider, not alone whether it would be possible 
to prevent the liquifaction of the steam during expansion, by the 
external application of heat, or by a high degree of superheating^ but 
whether such result would be advantageous, or productive of economy. 
As in the case of the Compound Engine just cited (Diagrams 42—^48) 
the permanent condensation is very little in excess of what is due to 
the thermodynamic law, then, clearly, any great reduction in the 
permanent condensation will necessarily be by an expenditure of heat 
in excess of that contained in the initial volume of pure steam, 
proportional to such reduction. 

Suppose that it were possible, by enclosing the cylinders with 
Jackets charged with steam of sufficiently high teipperature, &c.« and 
all other conditions such as would re-evaporate all the steam within 
the cylinder as it became condensed by its primarily contained heat 
being transmuted into mechanical motion ; yet, as exactly the same 
amount of heat would necessarily be expended in reconverting it into 
steam, as it had given up in being precipitated, then it is clearly 
apparent that nothing would be gained by the process. By the fieusts 
and hypotheses previously advanced, it may be fairly concluded that 
no possible amount of heat, supplied by the Steam Jacket, could 
re-evaporate more than a very small proportion of the condensed 
steam within the cylinder, except by the lapse of such time as does 
not obtain in the Steam Engine. For the purpose of superheating 
the steam it is found necessary to pass it through a congeries of small 
tubes, amongst which the heated gases circulate, in order that it may 
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be broken into small volumes, and so secure a large aggregate area of 
heated metal with which the steam must inevitably come in contact. 
The unbroken mass of steam within the cylinder would effectually 
prevent such rapid communication of heat to it as would insure its 
re-evaporation. And even if such could be completely accomplished, 
it would not, as we have already shown, be a gain. Whether or not 
it would be a loss, so far as obtaining a given average pressure by 
the expenditure of a given quantity of steam, is not of practical 
importance, and therefore to pursue such an inquiry could only have an 
abstract interest, when viewed in relation to the scope of this argument. 

Although we have arrived at the conclusion that no gain in 
economy would arise from the re-evaporation of thai steam^ the 
condensation of which is governed by the thermodynamic law, it is 
still important to inquire what will be the practical effect of 
endeavouring so to re-evaporate the watery particles into steam. It 
is perfectly certain that such temperature of the metal of the cylinders 
as could maintain the steam in such purity and dryness as is implied 
in its leaving the cylinder without any admixture of water, would 
destroy all the lubrication which might be applied, and would generate 
so much friction as would prove a prolific source of loss of available 
power. Condensation of steam within the cylinder being inevitable, 
it need not be regarded with dismay or regret. What it is important 
to understand, is the necessary and inevitable amount ; and what it 
is important to avert, is that portion of the condensation whi(^ 
results from contact with the metal, and which should be obviated 
as much as possible, so that the expenditure of heat within the 
cylinder shall be as little in excess of that which is transmuted into 
mechanical motion as the best known conditions can insure. 

Beverting once more to the case of Diagram 46, and to the cal- 
culations and speculations relating thereto, it will be remembered 
that in the course of this chapter it has been estimated that by 
compounding, a saving of 25 per cent, would be effected. As the 
permanent condensation is placed at 33 per cent. ; and as that of the 
Compound Engine (Diagrams 42 — 43) is placed at 19*61 per cent. ; 
and notwithstanding the statement that the co-efficient of expamdon 
would be greater in the case of Diagram 46 when working compound^ 
the reader may perhaps fail to see how so great a saving can be 
effected, when so much condensation is required by the law ot 
thermodynamics, as we have pointed out above. 
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The proportional condensation for 1 1 *'4 expansions would obvionsly 
be less than for 16 expansions. And further, as on the compound 
principle the terminal pressure is less for a given initial measure and 
pressure^ so a larger initial measure will necessarily be required to 
produce the same average pressure of steam throughout the stroke. 
This cause would reduce the range of expansion as determined by the 
point of cut-off. The same terminal pressure would yield quite 10 
per cent, higher average effective pressure ; and as we have shown 
by analyses and comparison, the permanent condensation, which we 
found to be 33 per cent, of the whole consumption^ would be reduced 
by 50 per cent., leaving 16*6 per cent, as the proportion of permanent 
condensation when working on the compound principle. This amount^ 
for the range of expansion just supposed, would be approximately 
proportional to 19*61 per cent, for 14*21 expansions in the Compound 
Engine, Diagrams 42^^6; If, on changing to the compound 
principle, the present terminal pressure and range of expansion 
should be maintained, then the initial pressure would require to be 
about 901fos absolute. This would increase the co-efScient of 
expansion still more. The increased co-efficient of expansion referred 
to on pi^ 327, is on the assumption of the same initial measure and 
pressure of steam. The probable proportion of permanent conden- 
sation which would obtain in the case of Diagram 4S, when 
compounded, and which is given just above at 16*5 per cent, would 
require some small portion of the steam which had been condensed 
by the performance of work, to be re-evaporated. 

The consumption of steam by condensation in the Jackets as 
hitherto working on the SmpU principle, amounts to 3*4 per cent, 
of the whole. The expenditure of heat represented by this proportion 
would be quite sufficient, when working on the Gwwpmnd principle, 
to insure so much re-evaporation of tiie steam necessarily condensedy 
that the permanenl condensation would not exceed 16*5 per cent., as 
already stated. Add to this the gain by the higher co-efficient of 
expansion, and a gain of 2h per cent, by compounding may be confi- 
dently relied upon. 

A few words more----and &ey diall be final-nm the oo-effioient 
of expansion. The principle propounded in the chapter on Oorn^ 
pounding, at pages 304 — 305, is based upon the assumption that the 
fomghi of steam at the p(Hnt of cut-off— that is, the initial measure 
•—bears a constant proportion to such initial measure and pressufe. 



S49 

On this assumption^ the tenliinal pressure, for a giyen initial pressure 
and range of expansion, would be above or below a given line — rsay 
the isothermal — according as the steam may be more re-evaporated or 
condensed progressively during its expansion. 

If we consider the principle from the point of view of the terminal 
pressure only ; and if in two cases we find, on investigation, that for 
the same terminal pressure, one has a higher average effective pressure 
by 10 per cent., and yet its steam at the terminal pressure is of equal 
purity, that is, of no greater degree of saturation, then, beyond doubt, 
there will be a clear gain of 10 per cent. Any farther reduction in 
the degree of saturation at the terminal pressure, in the case of the 
higher co>efficient, will obviously be accompanied by an equivalent 
gain in economy, as fully shown in discussing the question of 
permanent condensation. 

Apart from the question of temperature, the conditions of the 
sides and ends of the cylinders are not alike ; for whilst the sides are 
bright and smooth, — exposing to the action of the steam a clean 
metallic surface, — the ends are invariably black, dirty, and rough on 
the surface. This is important to be -borne in mind, as it leads to 
another phase of the subject, which, though not appertaining solely 
to the question of Steam Jacketing, may be most appropriately 
introduced in this connection. 

A great variety of refined and exact experiments have conclusively 
proved that radiation and absorption of heat by iron — ^as well as other 
metals — is small when the surface is clean and polished. It is indeed 
exceedingly small. When the surface is coated with any^ heteroge- 
neous or compound substance, its radiating or absorbing power is 
immensely increased.* Now let us consider this fact in its relation 
to the internal condition of the cylinder of the Steam Engine. If 
the direct radiation and absorption of heat by the internal surfaces of 
the cylinder can be prevented, it will be obvious that one of the 
disturbing causes within the cylinder will have been removed. Of the 
three modes of the transmission of heat, two— conduction and 
convection — ^have already been treated. Accepting the law, as stated 
above, of the non-radiating and non-absorbing properties of polished 
metallic surfaces, it is evident that the inner sur£eu;es of the cylinder 
covers, and the two faces of the piston, ought to be protected by 

* Let the reader test the radiation of a bright and pure metallic tea-pot, and of a black 
kettle, each containing water of the same temperatore, and he wiU find a very sensible 
difftreace. 
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polished snrfaces. It seems clear that if these conditions existed, 
little heat would be lost hj internal radiation. 

That a much greater ratio of gain by Steam Jacketing does not 
obtain in the case of the Engines represented by Diagram 46 than in 
the case of Diagrams 42-^43^ may possibly, in some measure, be due to 
excessive radiation from the covers of the cylinders* As vaporous steam 
has the property of absorbing radiant heat in a veiy high degree, this 
view of the case derives considerable force. And the higher the 
temperature to which the radiating substance may be raised, the 
greater will be the amount of heat radiated. The absorption of the 
radiant heat by the steam being greater as it is more heavily charged 
with water, then the purer and dryer the steam may be, the smaller 
will be the amount of heat thus absorbed^ — all other conditions being 
equal. As steam will invariably become vaporous, or watery, in the 
cylinder ; and as in every condition it will absorb radiant heat more 
or less; so it will be apparent that this is a circumstance not 
altogether so trifling as to be undeserving of consideration. 

Let the reader stand by the cylinder of a Steam Engine which is 
black and dirty on every part of its external surface, and which is 
charged with steam of, say 601bs pressure, and endeavour to estimate 
the amount of heat radiated externally ; then conceive the whole of 
such radiant heat to be swept entirely away at every revolution of the 
Engine, and the loss thus occurring will begin to be apprehended. 
Such is the nature of the operation proceeding mthin the cylindir^ 
just in proportion to the extent of the radiating area, and its 
condition as compared with that just conceived to exist outside. 
When the facts and conditions which have been here surveyed have 
been fully contemplated, it will be seen that radiation may play an 
important part in the economy of the Steam Engine. 

If, instead of Iron, a metal of less specific heat, and lower 
conductivity, could be made to serve for the cylinder and covers 
and piston, a decided advantage would be obtained thereby. There 
does not seem at present any possibility of adopting a material which 
will be entirely non-conducting. Nor is there the prospect of super- 
seding Iron as the material for the working, or frictional part of the 
cylinder : that is, Iron in some of its atateSf as cast, wrottght, and 
steel The faces of the piston, and the inner faces of the covers, 
however, are not limited to one metal by the same indispensable 
conditions. 
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If the piflton and the internal inrfaceB of the cylinder ooven 
conld be faced with the metal Bismuth, it is more than probable 
that considerable economy would result, because, as compared with 
iron, its specific heat is little more than one>fourth> and its con- 
ductiyity only on6-sixth. This being done, Steam Jacketing of the 
cylinder coyers would probably be superfluous. Indeed, the loss 
would be more effectually obyiated than by Steam Jacketing, when 
the inner faces of the covers are not kept clean and bright. 

The importance of supplying steam to the Jackets of a high 
temperature has been urged, and the question of superheating has 
been introduced, and its danger incidentally referred to. It is well 
known that superheating the steam before it enters the cylinder 
secures economy by the increased power of a given quantity of sfceam. 
But highly superheated steam, passing through the valves of the 
cylinder, is productive of much mischief, inasmuch'as it robs all the 
rubbing surfaces of all lubrication, and thereby causes great wearing 
of the moving parts, excessive Motion, and ultimate leakage, — 
sometimes to a serious extent. A very moderate superheating of the 
steam before entering the cylinder would be useful ; but the bene- 
ficial extent of such superheating must be determined in each 
particular 'case by experience. 

In the case of a Oompouni) Engine, in which the cylinders are 
Steam Jacketed, the superheating of the steam before entering the 
high pressure cylinder might be objectionable, because of the smaller 
range in the alternations of temperature to which it is subjected ; if 
superheated at all, it should only be so much as will prevent any 
more condensation by contact with the surface of the metal than is 
just requisite for the proper and useful lubrication ; but it would be 
advantageous to give the steam a little superheating in the beosiveb, 
or in passing from the high to the low pressure cylinder, as the steam 
here, l)eing of a lower pressure and temperature, would not be so 
liable to injure the rubbing surfaces. And besides, the steam 
having already performed work, and having, further, to come next 
in contact with the internal surfaces of the low pressure cylinder, 
which have just been exposed to the cooling influence of the con- 
denser, will obviously admit of a greater quantity of heat being 
imparted to it without tending to any objectionable effect. 

The useless expenditure of heat in every way should be carefully 
guarded against, in order to secure the most economical results. It 
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would b^ possible to haye the cylinder separated — that is by insulation 
— ^&om the bed plate, or other foundation to which.it may be secured, 
by a low conductiBg material ; and also to have the cylinder^ and 
such other parts as are subject to a high temperature, made almost 
non-radiating. These conditions would be found advantageous in 
preventing the useless diffusion of heat ; and also in keeping the 
Engine-house at a comfortable temperature. 

To prtvent the escape of heat by radiation, it is only necessary 
that the cylinder, and all parts of the metal which receive heat fix>m 
the steam by contact or conduction, should have a clean metallic 
surface. Whoever has been much about Steam Engines will have 
often felt — ^and many without having been conscious of the cause — 
that a dirty cylinder, and Engine generally, seemed to make the 
Engine-room insufferably hot. Such is really the fact. If anyone 
should doubt the statement that a clean polished metallic surface 
radiates less heat than a black and dirty one, let him try the experi- 
ment, and he will doubt no more. This is one of the facts in 
connection with the laws of the transmission of heat, which experi- 
mental science has completely established. Here, then, we see, that 
cleanliness is the handmaid of economy, and, at the same time, 
pleasant withal to look upon. 

w. s. 
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APPENDIX: 



« 

CONTAINING VAKIOUS 



TABLES, &e., 



USEFUL AND INTERESTING TO THE 



ENGINEER. 



A TABLE FOR SAFETY VALVES, 
CYLINDERS, AIR-PUMPS, &o., 

Gontaining the Circumferences and Areas of Circles from yV <>' ^ 
inch to 10 inches, advancing by yV o^ ^^ i^ich ; and by ^ of an inch, 

from 10 inches to 100 inches Diameter. 



IHftineter. 


Circum. 


• 

Area. 


Diameter. 


Gircam. 


Area. 


tV ...... 


•1963 


-0000 


2 inoh. 


6-2832 


3-1416 


s •*' 


•3927 


-0122 


tV 


6-4795 


3-3411 


A 


•5890 


•0276 


i - 


6^6759 


3-5465 


i... 


•7854 


•0490 


A 


6-8722 


3-7582 


A 


•9817 


-0767 


i ... 


7-06g6 


3-9760 


8 ••• 


1-1781 


•1104 


tV ^..... 


7-2649 


4-»001 


7 
TF 


1-3744 


•1503 


8 ••• 


7-4613 


4-4302 


i... 


1-5708 


•1963 


tV ...... 


7-6576 


4-6664 


A 


1-7671 


-2485 


g • • ■ 


7-8540 


4-9087 


8 ••• 


1-9635 


•3068 


A 


8-0503 


5-157* 


H 


2-1598 


-3712 


1" ••• 


8-2467 


5-4119 


i ... 


2-3562 


-4417 


H 


8-4430 


5-6727 


H 


2-5525 


-5185 


1 ... 


8-6394 


5-9395 


8 ••• 


2-74«9 


•6013 


n ...... 


8-8357 


6-2126 


H 


2-94»2 


-6903 


B ••• 


90321 


6-4916 






a ...... 


9-2284 


6-7772 


1 inch. 


3-1416 


•7854 








tV 


3-3379 


•8861 


S inch. 


9-4248 


7-0686 


8 ••• 


3-5343 


•9940 


A 


9-6211 


7-3662 


A 


3-7106 


1^1075 


8 •" 


9-8175 


7-6699 


i... 


3-9270 


1^2271 


A ...... 


10-0138 


7-9798 




4-1233 


1-3520 


i ... 


10-2102 


S-2957 


8 •••, 


4-3197 


1^4848 


A ...... 


10-4065 


8-6179 


A 


4-5160 


r6229 


f ... 


10-6029 


8-^462 


i ... 


4-7124 


1^7671 


A ...... 


10-7992 


»-2806 


A 


4-9087 


1^9175 


g ••• 


10-9956 


9-6211 


8 "•• 


5-1051 


2^0739 


A ...... 


11-1919 


9-9678 


H 


5-3014 


2-2365 


8 •'• 


11-3883 


10-3206 


I". 


5-4978 


2-4052 


H 


11-5846 


10-6796 


il *.... 


. 5-6941 


2-5801 


|... 


11-7610 


11-0446 


i ••• 


^ 5-8905 


2-7611 


H ...... 


11-9778 


11-4159 


H 


€•0868 


2-9483 


i ••• 


12-1737 


11-7932 



iV. 



iMaiiMter. 



H 

linoh. 

A 

■ it 

a • • • 

A f.... 

I" 

% ••• 

H 

il 

« ..... 

6 inch. 
A 

A 1:: 

"9 ••• 
% ••• 

H 

i- 

a 

15 ® 

"nr ••••• 

6 inch. 
tV 

A .... 



Circum. 







^ 



9 ••• 



X2*3700 

12-5664 
12-7627 
12-9591 
13-1554 
13-3518 
13-5481 
13-7445 
13-9408 
14-1372 
14*3335 
14-5299 
14-7262 
14-9226 
15-1189 
15-3153 
15-5716 

15-7080 
15-9043 
16-1007 
16-2970 
16-4934 
16-6897 
16-8861 
17-0824 
17-2788 
17-4751 
17-6715 
17-8678 
18-0642 
18-2605 
18-4569 
18-6532 

18-8496 
190459 
19-2423 
19-4386 
19-6350 
19-8313 
200277 
20-2240 



Area. 



12-1768 

12-5664 
12-9622 
13-3640 
13-7721 
14-1862 
14-6066 
15-0331 
15-4657 
15-9043 
16-3492 
16-8001 
17-2573 
17-7205 
18-1900 
18-6655 
19-1472 

19-6350 
20.1290 
20-6290 
21-1252 
21-6475 
22-1661 
22-6907 
23-2215 
23-7583 
24-3014 
24-8505 
25-4058 
25-9672 
26-5348 
27-1085 
27-6881 

28-2744 
28-8665 
29-4647 
300798 
30-6796 
31-2964 
31-9192 
32-548 1 



Diameter. 



A 






Iff 

TIF 



V • * • 
8 ••• 



f ... 



8 •-• 



7 inch. 

8" ••• 

8 ••• 

^p . . . 



1 
Tff 



3 
Tff 



A 



7 
TV 






8 ••• 



I - 



8 ••• 



8 inch. 



1 

Tff 



A 



5 
T¥ 



7 
TV 



A 



H 



13 
TV 



a 



8 •• 



Circum. 



9 inch. 



20-4204 
20-6167 
20-8131 
21-0094 
21-2058 
21-.4021 
21-5985 
21-7948 

21-9912 
22-1875 
22-3839 
22-5802 
22-7766 
22-9729 
23-1693 
23-3656 
23-5620 
23-7583 
23-9547 
24-1510 
24-3474 
24-5437 
24-740i 
24-9364 

25-1328 
25-3291 
25-5255 
25-7218 
25-9182 
26-1145 
26-3109 
26-5072 
26-7036 
26-8999 
27-0963 
27-2926 
27-4890 
27-6853 
27-8817 
27-0780 

28-2744 



Area. 



83-1831 
33-8244 
34-4717 
35-1252 
85-7847 
6-4505 
37-1224 
37-8005 

38-4846 
39-1749 
39-8718 
40-5469 
41-2825 
41-9974 
42-7184 
43-4455 
44-1787 
44-9181 
45-6636 
46-4153 
47-1730 
47-9370 
48-7070 
49-4833 

50-2656 
51-0541 
51-8486 
52-8994 
53-4562 
54-2748 
55-0885 
55-9138 
56-7451 
57-5887 
58-4264 
59-7762 
60-1321 
60-9943 
61-8625 
6?-7369 

63-6174 



V. 



Diameter. 



A 

8 ••• 
•3 
Tff 

•^ ••• 

tV 

8 ••• 

tV 

9 

T«r 

f *•• 

1 1 

Tff 

13 * 
Tff 

8 ••• 
TTT 

1 inch. 

i 

y ••• 

8 ..... 

} *..::: 

11 inch, 

i • 

7 * • • 

a ..... 

tt ■ • • 

I ... 
I 

12 inch. 

i 

i- 

■J ••• 

g 

f ... 
J 

18 inch. 



Circum. 



Area. 



28-4707 
28-6671 
28-8634: 
29-0598 
29-2561 
29-4525 
29-6488 
29-8452 
30-0415 
30-23V9 
30-4342 
80-6306 
30-8269 
31-0233 
31-2196 

31-4160 
31-8087 
32-2014 
32-5941 
32-9868 
33-3795 
33-7722 
34-1649 

34-5576 
34-9503 
35-3430 
85-7857 
36-1284 
36-5211 
36-9138 
37-8065 

37-6992 
38-0919 
38-4846 
38-8773 
39-2700 
39-6627 
40-0554 
40-4481 

43-8408 



64-5041 
65-8968 
66-2957 
67-2007 
681120 
69-0293 
69-9528 
70-8823 
71-8181 
72-7599 
73-7079 
74-6620 
75-6223 
76-5887 
77-5618 

78-5400 
80-5157 
82-5160 
84-5409 
86-5903 
88-6643 
90-7627 
92-8858 

95-0384 
97-2053 
99*4021 
101-6234 
103-8691 
106-1394 
108-4342 
110-7586 

113-0976 
115-4660 
117-8590 
120-2766 
122-7187 
125-1854 
127-6765 
180-1928 

132-7326 



Diameter. 



i 
I 



i 



I 

2 



I 



14 inch 
s ••• 



15 inch. 

i 

s 



Circum. 



••• 



16 inch. 

5" ••" 



i 






i 



I 



17 inch. 

* 

« ... 

f 

, 1::: 



41-2338 
41-6262 
42-0189 
42-4116 
42-8043 
48-1970 
48-5897 

43-9824 
44-3751 
44-7676 
45-1605 
45-5532 
45-9459 
46-3386 
46-7313 

47-1240 
47-5167 
47-9094 
48-3021 
48-6948 
49-0875 
49-4802 
49-8729 

50-2656 
50-6588 
51-0510 
51-4487 
51-8364 
52-2291 
62-6218 
53-0146 

53-4072 
53-7999 
54-1926 
54-5853 
54-9780 
55-3707 
65-7634 
56-1561 



Area. 



135-2974 

137-8867 
140-5007 
1431391 
145-8021 
148-4896 
151-2017 

153-9384 
166-6995 
159-4852 
162-2956 
165-1303 
167-9896 
170-8735 
173-7820 

176-7150 
179-6725 
182-6545 
185-6612 
188-6923 
191-7480 
194-8282 
197-9330 

201-06-24 
204-2162 
207-3946 
210-5976 
218-8251 
217-0772 
220-3537 
223-6649 

226-9Sa6 
230-3808 
233-7055 
237-1049 
240-5287 
243-9771 
247-4500 
260-9476 



vi, 




18 inch 

^ • •• 

,.♦. 

19 inch 
» ••• 

I 

i 

20 inch 

f 

21 inch 
f... 

».?. 

22 inch 

••i 1 

i 



• •• 



• •• 



56-5488 
56-9415 
57-8842 
57-7269 
58-1196 
58-5128 
58-9056 
59-2977 

59-6904 
60-0831 
60-4758 
60-8685 
61-2612 
61-6589 
62-0466 
62-4393 

62-882Q 
63-2247 
63-6174 
64-0101 
64-4028 
64-7955 
65-1882 
65-5809 

65-7986 
66-8663 
66^7590 
67-1517 
67*5444 
67-9371 
68*3298 
68-7225 

69-1152 
69-50^9 
69-9006 
70-2933 
70-6860 
71-0787 
71-4714 
71-8641 



._ 



254*4696 
258-01&1 
261-5872 
265-18^29 
268-8081 
272-4479 
2761 17L 
279-8110 

288-5294 
287-2728 
291-0897 
294*8812 
298-6483 
. 302-4894 
306-3550 
310-2452 

314-1600 
318-0992 
322*0630 
326-0514 
330*0648 
884*1018 
838-1637 
342-2508 

846-3614 
850-4970 
354-6571 
858-8419 
368-0511 
867-2849 
871-5482 
875-8261 

880-1336 
384-4655 
388-8220 
393-2031 
897-6087 
402-0388 
406-4985 
410-^728 



23 inch 



24 inch 

ii 



25 inch 



26 inch 

f 

i 



27 inch 

J... 



72-2568 
72-6495 
78-0422 
78-4849 
73-8276 
74-2203 
74*6130 
75-0057 

75'8984 
75-7911 
76-1888 
76-5765 
76-9692 
77-3619 
77-7546 
78-1473 

78-5400 
78-9827 
79-3254 
79-7181 
80-1108 
80-5085 
80-8962 
81-2889 

81-6816 
82-0748 
82-4670 
82-8597 
83-252 4 
88-^451 
84-0878 
84-4305 

84-8282 
85-2159 
85-6086 
86 0013 
86-8940 
86-7867 
87-1794 
87-5721 



415-4766 
420-0049 
424-5577 
429*1852 
438-7871 
438-3636 
443-0146 
447-6992 

452-8904 
457-1150 
461-8642 
466-6380 
471-4363 
476-2592 
481-1065 
485-9785 

490*8750 
495-7960 
500-7415 
505-7117 
510-7063 
515-7255 
520-7692 
525-8375 

530-9804 
586-0477 
541-1896 
546-3561 
551-5471 
556*7627 
562-0027 
567-2674 

572-5566 
577-8703 
583-2085 
588-5714 
593-9587 
599-3706 
604-8070 
610-2680 



Tfi, 



Diam. 



28 incb 

:<: 

f 

29 inch 

If 

8*;: 

30 inch 
i 

f 

31 inch 
* 

T • • • 
"J •«• 

8 •••• 
^ ••• 

4 

32 inch 

H ***** 
^ • • I 

I 

,1- 



Circum. 



87-0G48 
88-3575 
88-7502 
89-1429 
89-5356 
89-9283 
90-3210 
90-7137 

9M0r)4 
91-4991 
91-8918 
92-2845 
92-6772 
93-0699 
93-4626 
93-8553 

94-2480 
94-6407 
95-0334 
95-4261 
95-8188 
96-2115 
9*6-6042 
96-9969 

97-3896 
97-7823 
98-1750 
98-5677 
98-9084 
99-3531 
99-7458 
100-1385 

100-5312 
100-9240 
101-3166 
101-7093 
102-1020 
102-4947 
102-8874 
1D3-2801 



Area. 



615-7536 
621-2636 
626-7982 
632-3574 
637-9411 
643-5494 
649-1821 
654-8395 

660-5214 
666-2278 
671-9587 
677-7143 
683-4943 
689-2989 
695-1280 
700-9817 

706-8600 
712-7627 
718-6900 
724-6419 
730-6183 
736-6193 
742-6447 
748-6948 

754-7694 
760-8685 
766-9921 
773-1404 
779-3131 
785-5104 
791-7322 
797-9786 

804-2496 
810-5450 
816-8650 
823-2096 
829-5787 
835-9724 
842-3905 
848-8333 



Diam. 
33 inch 

J..... 



f 

i 



» •• • 



84 inch 
i 

35 inch 



i- 



w • • • 

I 

I- 

36 inch 
i 



i 



■§■ ••• 



i- 



37 incb 

"J ••• 

I 

rf • t • 
i 



Circum. 



103-67-28 
104-0655 
104-4582 
104-8509 
105-2436 
105-6363 
106-0290 
106-4217 

106-8144 
107-2071 
107-5998 
107-9925 
108-3852 
108-7779 
109-1706 
109-5633 

109-9560 
110-3487 
110-7414 
111-1341 
111-5268 
111-9195 
112-3122 
112-7049 

113-0976 
113-4903 
113-8830 
114-2757 
114-6684 
115-0611 
llii-4538 
115-8465 

116-2392 
116-6319 
117-0246 
117-4173 
117-8100 
118-2027 
118-5954 
118-9881 



Areft. 



855-8006 
861-7924 
868-8087 
874-8497 
881-4151 
888-0051 
894-6196 
901-2587 

907-9224 
914-6105 
921-3232 
928-0605 
934-8223 
941-6086 
948-4195 
955-2550 

962-1150 
968-9995 
975-9085 
982-8422 
989-8003 
996-7830 
1003-7902 
1010-8220 

1017-8784 
1024-9592 
1032-0646 
1039-1946 
1046-3941 
1053-5281 
1060-7317 
1067-9599 

1075-2126 
1082-4898 
1089-7916 
1097-1179 
1104-4687 
1111-8441 
1119-2440 
1126-6685 



w2 



Tin. 



Diun. 



SSincli 

^h « • • 
» ••• 

f 

39 inch 

I 

i 

40 inch 

jT • • • 

it- 

41 inch 

i 

f •••• 

if 

42 inch 
* 

7 • •• 
V ••• 



Circum. 



.119-n808 
119-77^5 

120-5589 
120-9516 
121*3443 
121-7370 
122-1297 

122-5224 
122-9151 
123-3078 
123-7005 
124-0932 
124-4859 
124-9787 
125-2713 

125-GC40 
126-05()7 
126-4494 
126-8421 
127-2348 
127-6-275 
128-0202 
128-4129 

128-8056 
129-1983 
129-5910 
129-9837 
130-3764 
130-7691 
131-1618 
131-5545 

131-9472 
132-3399 
132-7326 
183-1253 
133-5180 
133-9107 
134-3034 
134-6961 



Area. 



1134-1176 
1141-5911 
11490892 
1156-6119 
1164-1591 
1171-7;509 
1179-3271 
1186-9480 

119i-5934 
1202-2G33 
1209-9577 
1217-6768 
1225-4203 
1233-1884 
1240-9810 
1248-7982 

1256-6400 
1264-5062 
1272-^)970 
1 280-3 1 24 
1288-2523 
1296-2168 
1304-2057 
1312-2193 

1320-2574 
1328-3200 
1336-4071 
1344-5189 
1352-6551 
1360-8159 
13690012 
1377-2111 

1385-4456 
1393-7045 
1401-9880 
1470-2961 
1418-6287 
1426-9859 
1435-3675 
1443-7738 



Diam. 
43ilU-li 



I 
i 



1 

4 



i 
2 



i- 



44 inch 

i 



I 



i 



•§• ••• 



^.. 



45 inch 



f 
i 



i- 



1 

2 •• 



i- 



46 inch 

* 



i 



2 



I- 



47 incb 
i - 



8 



i 



Circiim. 



135-0883 
L35-4H15 
135-8742 
136-2669 
136-6596 
137-0523 
137-4450 
137-8377 

138-2304 
138-6231 
139-0158 
139-4085 
139-8012 
140-1939 
140-5866 
140-9793 

141-3720 
141-7647 
142-1574 
142-5501 
14-2-9428 
143-3355 
143-7382 
144-1209 

144-5136 
144-9063 
145-2990 
145-6917 
146-0844 
146-4771 
146-«698 
147-2625 

147-6552 
148-0479 
148-4406 
148-8333 
149-2260 
149-6187 
150-0114 
150-4041 



Area. 



1452" 

14 CO 

HCO' 

1477 

I486' 

1494 

1503 

1511 

1520' 
1529 
1537' 
1546' 
1555' 
1564' 
1572' 
158r 

1590- 
1599' 
1608 
1617 
16-25 
1634 
3 643 
1652 



2046 
(;509 
1397 
0342 
1731 
7266 
3046 
0072 

5344 
1860 
8622 
5530 
2883 
0382 
8125 
6115 

4350 
•2830 
1555 
0427 
9743 
9205 
8912 
8865 



1661-9064 
1670-9507 
1680-0196 
1689-1031 
1698-2311 
1707-3737 
1716-5407 
1725-7324 

1734-9486 
1744-1893 
1753-4545 
1762-7344 
1772-0587 
1781-3976 
1790-7610 
1800-1490 

— ■" 



IX, 



Diam. 



48 inch 

i 



I 



I 



i 



49 inch 

i 



i 



1 
3 



« 



50 inch 

i 

S 

i 



51 inch 

* 

f 

J... 

i 

52 inch 

i 






Circnm, 



150'79fi8 
151-1«95 
151-5822 
151-9749 
152-3070 
152-7003 
15:3-1530 
153-5157 

153-9384 
154-^311 
154-7238 
155-1165 
155-5092 
155-9019 
15G-:!940 
15G-C873 

157-0800 
157-1727 
157-8054 
158-2581 
158-0508 
159-0435 
159-4362 
159-8289 

100-2216 
160-6143 
161-0070 
161-3997 
161-7924 
162-1^51 
162-5778 
162-9705 

103-3632 
103-7559 
104-1486 
164-5413 
164-9340 
165-3207 
105-7194 
160-1^21 



Areft. 



1809-5616 
1818-9986 
1828-4602 
1837-9304 
1847-4571 
18:>0-9024 
1808-5521 
1870-1365 

1885-7454 
1895-3788 
19O5-0367 
1914-7093 
1924-4203 
1934-1579 
1943-9140 
1953-0947 

1963-5000 
1973-3297 
1983-1840 
19930529 
2OO2-9003 
2012-8943 
2022-8467 
2032-8238 

2042-8254 
2052-8515 
2062-9021 
2072-9704 
2083-0771 
2093-2014 
2103-3502 
2113-5230 

2123-7210 
2133-9440 
2144-191(r 
2154-4020 
2104-7587 
2175-0794 
2185-4245 
2195-7943 



Diam. 



53 inch 

i 

is •••••• 

i 

54 inch 

k 

8 ••• ••■ 

i 

55 incl) 

i 

f.f.... 

2. 

56 inch 

i 

i- 

f.f.... 
f... 

i 

57incl; 

k 

i- 

i 



dream. 



66-5048 
06-8975 
67-2902 
67-6829 
68-0756 
68-46«3 
68-8610 

09-2537 

69-6464 
70-0391 
70-4318 
70-8245 
71-2172 
71-6099 
72-0026 
72-3593 

72-7880 
73-1807 
73-5734 
73-9001 
74-3588 
74-7515 
75-1442 
75-5369 

75-9296 
76-3323 
76-7150 
77-1077 
77-5004 
77-8931 
78-2858 
78-6785 

79-0712 
79-4639 
7i>-8506 
80-2493 
80-6423 
81-0347 
81-4-274 
81-8-201 



2206-1886 
2216-6074 
2227-0507 
2237-5187 
2248-0111 
2258-5281 
2209-0696 
2279-6357 

2290-2264 
2300-8415 
2311-4812 
•2322-1455 
2332-8343 
2343-5477 
2354-2855 
2365-0480 

2375-8350 

2386-6465 
2397-4825 
2408-3432 
2419-2283 
24^0-1833 
2441-0772 
2452-0310 

2463-0144 
24740222 
2485-3546 
2496-1116 
2507-1931 
2518-2992 
2529-4297 
2543-5,849 



2551 

2502- 
-2574 
2585 
2596 
2008 
2019 
2630 



7646 

9688 
1975 
4509 
7287 
0311 
'3580 
'7095 



••* 



X. 



ff II ^fmf^mm 



H ■ ■ ^ 



Diam. - 



Circuxh. • 



58 indi 

J • • • 
^ • • • 

f .... 

59 inch 

I*... 

i 

60 incb 

V • • • 

f 

I- 
i 

61 incb 

8 •••• 

62 inch 

IE 



. 182-2128 
182-6055 
J 82-9982 
183-3909 
183-7836 
184-1763- 
184-5690 
184-9617 

185-3544 
1857471 
1861393 
186-5325 
186-9252 
187-3179 
187-7106 
1881033 

188-4960 
188-8887 
189-2814 
189-6741 
190-0668 
190-4595 
190-8522 
191-2419 

191-6376 
1920303 
192-4230 
192-8157 
193-2084 
193-6011 
193-9931 
194-3865 

194-7792 
195-1719 
195-5646 
195-9573 
196-3500 
196-7427 
197-1354 
197-5281 



Area. 



2642-0856 
2653-4861 
2664-9ri2 
2676-3609 
2687-8351 
2699-3338 
2710-8571 
2722-4050 

2733-9774 
2745-5743 
2757-1957 
2768-8418 
2780-5123 
2792-2074 
2803-9270 
2ai5-67l2 

2827-4400 
2889-2332 
2851-0510 
2862-8934 
2874'760'a 
2886-6517 
2898'5677 
2910-5083 

2922-4734 
2934-4630 
2946-4771 
2958-5159 
2970-5791 
2982-6669 
2994-7792 
8606-9161 

3019-0776 
3031-2625 
8043-4740 
8055-7091 
8067-9687 
3080-2529 
3092-5615 
3104-8948 



Diam. ■ 
63 inch 



f 
i 



i- 



JL 
2 ••• 



I- 



64 inch 

i 

2 ** ' 



65 inch 



f 
I 



i 



2 • • • 



I 



66 inch 



1 

4 



I 



1 
2 



f... 



G7 incb 
i 

iy •••••• 



i 



4 



Circum. 



197-9208 
198-3135 
19><-7062 
1990989 
199-4916 
199-8843 
200-2770 
200-6697 

201-0624 
201-4551 
201-8478 
202-2405 
202-6332 
203-0259 
203-4186 
203-8113 

204-2040 
204-5917 
204-9894 
205-3821 
205-7748 
206-1675 
206-5602 
206-9529 

207-3456 
207-7383 
208-1310 
208-r)237 
208-9161 
2J09-3091 
209-7018 
210-0945 

210-4872 
210-8799 
211-2726 
211-6653 
212-0580 
2I2--15(»7 
212-8434 
213-2361 



Arau 



3117 
3129 
3142" 
3154" 
3166 
3179- 
3191- 
3204- 



2526 
6349 
0417 
4732 
9291 
4096 
9146 
4442 



3216 
3229 
3242 
3254 
3267 
3280 
3292 
3305 



•9984 
5770 
1782 
8080 
4603 
1372 
8385 
5615 



3318-3151 
3331-0900 
3343-8875 
3356-7137 
3369-5623 
3382-4355 
3395-3332 
3408-2555 

3421-2024 
3434-1737 
3447-1676 
3468-1901 
3473-2351 
3486-r047 
3499-3987 
3512-5374 

3525-6606 
3538-8283 
3552-0185 
35G5-2y74 
:578-4787 
3591-7446 
360r»-()S50 
c6U-<.S00 



Zl. 



Diam. 

I 

68 inch 

J ••• 

f 

J- 

69 inch 

j.?.... 

70 inch 
* 

/T • • • 

I..., 
f 

71 inch 

I 

72 inch 
i 



Oircum. 



213-6288 
214-0215 
214-4142 
214-8069 
215-1996 
215-5923 
215-9850 
216-3777 

216-7704 
217-1631 
217-5558 
217-9485 
218-3412 
218-7339 
219-1266 
219-5193 

219-9120 
220-3047 
220-6974 
221-0901 
221-4828 
221-8755 
222-2682 
222-6609 

223-0536 
223-4463 
223-8390 
224-2317 
224-6244 
225-0171 
225-4098 
225-8025 

226-1952 
226-5879 
2-26-9806 
227-3'733 
227-7660 
228-1587 
228-5514 
228-9441 



Area. 



■^ 



3631-6896 
36 15-0536 
3658-4402 
3671-8554 
3685-2931 
3698-7554 
3712-2421 
3725-7535 

3739-2894 
3752-8498 
3766-4327 
3780-0443 
3793-6783 
3807-3369 
3821-0200 
3834-7277 

3848-4600 
3862-2167 
3875-9960 
3889-8039 
3903-6343 
3917-4893 
3931-3687 
3945-2728 

3959-2014 
3973-1545 
3987-1301 
4001-1344 
4015-1611 
4029-2124 
4043-2882 
4057-3886 

4071-5186 
4085-6631 
4099-8350 
4114-0856 
4128-2587 
4142-5064 
4156-7785 
41710753 



Diam.. 



73. inch 

^ •• • 

i 



74 inch 

i 



i 



8 •'• 



75 inch 

w ••• 

f 



76 inch 

■J ••« 



77 inch 

^f • • • 

i 



Oixcuin. 



229-3368 
229-7295 
230-1222 
230-5149 
230-9076 
231-3003 
231-6930 
232-0857 

232-4784 
232-8711 
233-2638 
233-6565 
234-0492 
234-4 U 9 
234-8346 
235-2273 

235-6200 
236-01-27 
236-4054 
236-7981 
237-1908 
237-5835 
237-9762 
238-3689 

238-7616 
239-1543 
239-5470 
239-9397 
240-3324 
240-7251 
241-1178 
241-5105 

,241-9032 
242-2959 
242-6886 
243-0813 
243-4740 
243-8667 
244-2594 
244-6521 



.Area. 



4185-8966 
4199-7424 
4214-1107 
4228-6077 
4242-9271 
4257-3711 
4271-8396 
4286-3827 

4800-8504 
4315-3926 
4329-9572 
4344-5505 
4359-1668 
4373-8067 
4388-4715 
4403-1010 

4417-8750 
4432-6135 
4447-3745 
4462-1642 
4476-9763 
4491-8130 
4506-6742 
4521-5600 

4536-4704 
4551-4023 
•4566-3626 
4581-3486 
4596-3571 
4611-3902 
4626-4477 
4641-5299 

4656-6366 
4671-7678 
4686-9215 
4702-1039 
4717-3087 
4732-5381 
4747-7920 
4763-0705 



in. 







] 






Diam. 


CirouiXL 


Ana. 


DUm. 


Ciroum.- 


Area. 


78 inch 


2^5-0448 


4778-3736 


83 inch 


260-7528 


5410-6206 


i .. 


245-4375 


4793-7012 


t 


26ri4:)5 


5426-9209 


,*•• 


245-8302 


4809-0512 


i- 


261-5382 


5,443-2(;i7 


1 .. 


24G-2229 


4824-4299 


|.*.... 


261-9309 


5459-6222 


4... 


24«-6156 


4839-8311 


i- 


262-3236 ' 


5176-01)5-1 


1 .. 


247-0083 


4855-2568 


f.?.... 


262-7163 


5 492-4 lis 


, *••• 


247-4010 


4870-707 L 


i- 


263-1090 


5508-8446 


i 


247-7937 


4886-1820 


1 .?.... 


263-5017 


5525-3012 


79 in«h 


248-1864 


4901-6814 


84 inch 


263-8944 


5541-7824 


i 


248-5791 


4917-2053 


i 


264-2871 


5558-2881 


.i-1 


248-9718 


4932-7517 


i- 


264-6798 


5574-8162 


f...... 


249-3045 


4948-3268 


1 *..... 


265-0725 


5591-37-0 


«*•• 


241)7572 


4963-9243 


2 *** 


265-4652 


i^6i)7-9523 


t .. 


250-1499 


4979-5456 


' T •••••• 


265-8579 


5624-5554 


, *••• 


25()-542G 


4995-1930 


^.. 


266-2506 


564l-l«45 


i 


250-9353 


5010-8642 


i 


266-6433 


5657-8357 


80 inch 


251-3280 


5i26-5600 


85 inch 


267-0360 


5674-5150 


* 


251-7-207 


5042-2803 


i 


267-4287 


5691-2170 


,*••• 


252-1134 


5058-0230 


i- 


267-8214 


5707-9415 


1 


252-5061 


5073-7944 


1 ...... 


268-2141 


5724-f;947 


i... 


252-8988 


5089-5883 


2 • • • 


268-6068 


5741-4703 


f .... 


253-2915 


5106-4060 


1 


268-9997 


5758-2697 


, ^••• 


253-6842 


5121-2497 


i- 


269-3922 


5775-0952 


i 


254-0769 


5137/1173 


i 


269-7849 


5791-9445 


81 inch 


254-4696 


5153-0094 


8(> inch 


270-1776 


5808-8184 


i 


254-8623 


5168-9260 


i 


270-5703 


5825-7168 


,i •• 


•255-2550 


5184-8651 


i... 


270-9630 


5842-6376 


1 


255-6477 


5200-8329 


i 


271-3557 


5859-5871 


J • • • 


256-0404 


5216-8231 


Q ••• 


271-7484 


5876-5591 


8 ••• • 


256-4331 


b232'bS7i 


f 


272-1411 


589o-5549 


, ^•• 


256-8258 


5248-8772 


^•• 


272-5338 


5910-5767 


i 


257-2105 


5264-9411 


i.!.... 


272-9265 


59'27-6224 


82 inch 


257-6112 


5281-0296 


87 inch 


273-3192 


5944 6926 


* ... . 


258-0039 


5297-1426 


i 


273-7119 


5961-7873 


.*••• 


258-3966 


5313-2780 


i- 


274-104^ 


5978 9045 


i .... 


258-7893 


5329-4421 


1 


274-4973 


5996-< 504 


i... 


•259-1820 


r)345-6287 


"o • • ' 


274-,S9(K) 


6013-2187 


1 


259-5747 


5361-8391 


f.„... 


2/5-2827 


6030-4 108 


, ^•• 


2n9'9()74 


5378-07 r>f> 


^•• 


275-6754 


6047-6290 


i 


260-3601 


5394-3358 


i 


276-0681 


6064-8710 



41* 



Diam. 



Circum. 



88 inch' 276-4008 

i 27()-8535 

i... 2;7-246'2 

277-6389 

i-.. 278-0316 

278-4243 

|... 278-8170 
279-2097 






Ana* 



89 inch 



I 
I 
i 



1 
4 



2 ••• 



jf • • • 



90 inch 
i 

Q •• • • • • 



f 



2 



I- 



9 1 inch 



f 

I 



1 

4 



2 •" ■ 



279-6024 
279-9951 
280-3878 
280-7805 
281-1732 
281-5659 
281-9586 
282-3513 

282-7440 
283-1367 
283-5294 
283-9221 
284-3148 
284-7075 
285-1002 
285-4929 

285-8856 
286-2783 
286-6710 
287-0637 
2^57-4564 
287-8491 
288-2418 
288-6345 

2890272 
289-41^9 
289-8125 
290-2053 
290-5980 
290-9907 
291-3834 
i i 291-7661 



92 inch 

i 



s 



^ • • • 



I- 



6082-1376 
6099-4287 
6116-7422 
6134-0844 
6151-4491 
6169-8376 
6186-2591 
6203-6905 

6-221-1534 
6238-6408 
6256-1507 
6273-6893 
6291-2503 
6308-8351 
6326-4460 
6344-0807 

6361-7400 
6379-4238 
6397-1300 
6414-8649 
6432-6223 
6450-4039 
646«-2107 
6486-0418 

6503-8974 
6521-7772 
6539-6801 
6557-6114 
6573-5651 
6593-5431 
6611-5462 
6629-5736 

6«47-6251B 
6665-7021 
0683-8010 
6701-9286 
6720-0787 
6738-2530 
6756-4525 
6774-6763 



Di«in. 



93 inch 

♦■j-::; 

n • • • 

f 

T • • • 

* 



Ciream. 



94 inch 

jF •••••• 

7 •• • 

f 

Tt • • • • 9 • 

95 inch 

i 

"J ••• 

f 



96 inch 
* 

jT • • • 

iL.. 
it. 



97 inch 
i 

* ••• 
f 

i 



292-1688 
292-5615 
292-9542 
293-8469 
293-7396 
294-1323 
294-5350 
294-9177 

295-3104 
295-7031 
296-0958 
296-4885 
296-8812 
297-2739 
297-6666 
298-0593 

298-4520 
298-8447 
299-2374 
299-6801 
300-0228 
300-4155 
300-8082 
801-2009 

301-5986 
301-9863 
302-3790 
302-7717 
303-1644 
303-5571 
308-9498 
804-3420 

804-7352 
305-1279 
30»-5206 
305-9183 
806-3060 
306-6987 
307-0914 
307-4841 



Arwu 



679-2-9248 
6811-1974 
6829-4927 
6847-8167 
6866-1631 
6884-5338 
6902-9296 
6921-8497 

6939-7946 
6958-2686 
6976-7552 
6995-2755 
7013-8188 
7082-3853 
7050-9775 
7069-5940 

7088-2852 
7106-^005 
7125-5885 
7144-3052 
7168-0448 
7181-8077 
7200-5962 
7219-4090 

7238-2466 
7257-1088 
7275-9926 
7294-9056 
7813-8411 
7382-8008 
7851-7857 
7870-7949 

7889-8288 
7408-8868 
7427-9675 
7447-0769 
7466-2087 
7485-3648 
7504-5460 
7528-7615 



xiT. 



Biam. 


Circum. 


Area. 


Diam. 


Ciream. 


Area. 


98 inch 

ii 

99 inch 


307-8768 
3()8-2«i95 
308-6622 
309-0549 
309-4476 
309-84()3 
310-2330 
310-6257 

311-0184 


7542 1818 
75622362 
7581-5132 
7600-8189 
7620-1471 
7639-4995 
7658-8771 
7678-2790 

7697-7056 


"7 • • • 

IE 
it. 

100 in. 


311-4111 
311-8038 
312-1965 
312-5892 
312-9819 
313-3746 
313-7673 

314-1600 


7717-1563 
7736-6297 
77561318 
7775-6563 
7795-2051 
7814-7790 
7834-3772 

7854-0000 



H 


1 


liliiiiiiiiiiiiiiil 


U 
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8 

a 
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1 

if 
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nmmmmm 




1 


Msnmmmmm 




1 
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1-70 


•5306 


2-40 


. -8754 


3^10 


1-1314 


3^80 


1-3350 



Ko. 


Logarithm. 


Vo. 


Ijogaiitbm. 


No. 


Lognitlim. 


v«. 


LofiifthM. 


8-82 


1-3402 


4-62 


1-5304 


5-42 


1-6901 


6-22 


1-8277 


8-84 


1-3454 


4-64 


1-5347 


5-44 


1-6937 


6-24 


1-8310 


8-86 


1-3506 


4-66 


1-5390 


5-46 


1-6974 


6-26 


1-8342 


8-88 


1-3558 


4-68 


1-5433 


5-48 


1-7011 


6-28 


1-8373 


3-90 


1-3609 


4-70 


1-5475 


5-50 


1-7047 


6-80 


1-8405 


8-92 


1-31561 


4-72 


1-5518 


5-52 


1-7083 


6-82 


1-8487 


3-94 


1-3712 


4-74 


1-5560 


5-54 


1-7120 


6-34 


1-8468 


8-96 


1-3762 


4-76 


1-5602 


5-56 


1-7156 


6-36 


1-8500 


8-98 


1-3813 


4-78 


1-5644 


5-58 


1-7192 


6-38 


1-8531 


4-00 


l-3«63 


4-80 


1-5686 


5-60 


1-7227 


6-40 


1-8563 


4-02 


1-3913 


4-82 


1-5727 


5-62 


1-7263 


6-42 


1-8594 


4-04 


1-3962 


4-84 


1-5769 


5-64 


1-7299 


6-44 


1-8625 


4-06 


.1-4012 


4-86 


1-5810 


5-66 


1-7334 


6-46 


1-8656 


4-08 


1-4061 


4-88 


1-5851 


5-68 


1-7369 


6-48 


1-8687 


4-10 


1-4110 


4-90 


1-5892 


5-70 


1-7404 


6-50 


1-8718 


4-12 


1-4158 


4-92 


1-5933 


5-72 


1-7439 


6-52 


1-8748 


4-U 


1-4207 


4-94 


1-5973 


5-74 


1-7475 


6-54 


1-8779 


4-16 


1-4255 


4-96 


1-6014 


5-76 


1-7509 


6-56 


1-8810 


4-18 


1-4303 


4-98 


1-6054 


5-78 


1-7544 


6-58 


1-8840 


4-20 


1-4351 


5-00 


1-6094 


5-80 


1-7578 


6-60 


1-8870 


4-22 


1-4398 


5-02 


1-6134 


5-82 


1-7613 


6-62 


1-8901 


4-24 


1-4445 


5-04 


1-6174 


5-84 


1-7647 


6-64 


1-8931 


4-26 


1-4492 


5-06 


1-6213 


5-86 


1-7681 


6-66 


1-8961 


4-28 


1-4539 


5-08 


1-6253 


5-88 


1-7715 


6-68 


1-8991 


4-30 


1-4586 


5-10 


1-6292 


5-90 


1-7749 


6-70 


1:9021 


4-32 


1-4632 


5-12 


1-6331 


5-92 


1-7783 


6-72 


1-9051 


4-34 


1-4678 


5-14 


1-6370 


5-94 


1-7817 


6-74 


1-9U80 


4-36. 


1-4724 


5-16 


1-6409 


5-96 


1-7850 


6-76 


1-9110 


4-3S 


1-4770 


5-18 


1-6448 


5-98 


1-7884 


6-78 


1-9139 


4-4a 


1-4816 


520 


1-6486 


6-00 


1-7917 


6.80 


1-9169 


4-42 


1-4861 


5-22 


1-6525 


6-02 


1-7951 


6-82 


1-9198 


4-44 


1-4906 


5-24 


1-6563 


6-04 


1-7984 


6-84 


1-9228 


4-46 


1-4951 


5-26 


1-6601 


6-06 


1-8017 


(j'86 


1-9257 


4-48 


1-4996 


5-28 


1-6639 


6-08 


1-8050 


6-88 


1-9286 


4-50 


1-5040 


5-30 


1-6677 


6-10 


1-8083 


6-90 


1-9315 


4*52 


1-5085 


5-32 


1-6714 


6-12 


1-8115 


6-92 


1-9344 


4-54 


1-5129 


5-34 


1-6752 


6-14 


1-8148 


6-94 


1-9373 


4-56 


1-5173 


5-36 


1-6789 


6-16 


1-8180 


6-96 


1-9401 


4-58 


1-5217 


5-38 


1-6827 


6-18 


1-8213 


6-98 


1-9430 


4-60 


1-5260 


5-40 


1*6864 


6-20 


1-8245 


7.00 


1-9459 



z2 







No. 


Log^rilbm. 


1 

No. , 

1 


« 




» 


. Na. 


IjOffSEtUun. 


hogatSHaxL 1 


Npu 


LogHrittim. 


7-02 


1-9487 


7-82 


2-0567 


8-62 


2-1541 


9-42 


2^2428 i 


7-04 


1-9516 


7-84 


2-0592 


8-64 


2-1564 


9-44, 


2-2449 i 


7-06 


1-9544 


7-86 


2-0618 


8-66 


2-1587 


9-46 


2-2470 


7-08 


1-9572 


7-88 


2-0643 


,8-68. 


2-1610 


9-48 


2-2492 


7-10 


1-9600 


7-90 


2-0668 


8-70 


2:1633 


9-50 


2-2513 


7-12 


1-9629 


7-92 


2-0694 


8-72. 


2-1656 


9-52 


2-2534. 


7-14 


1-9657 


7-94 


2-0719 


8-74 


2-1679 


9-54. 


2^2555 


7-16 


1-9685 


7-96 


2-0744 


8-76 


2-1702 


9-56 


2-2576 


7-18 


1-9713 


7-98 


2-0769 


8-78 


2;1725 


9-58 


2-2596 


7-20 


1-9741 


8-00 


2-0794 


8-80 


2-1747 


9-60 


2-2617 


7-22 


1-9768 


8-02 


2-0819 


8-82 


2-1770 


9-62 


2-2638 i 


7-24 


1-9796 


804 


2-0844 


8-84 


2-1793 


'9-64 


2-2659 


7-26 


1-9823 


8-06 


2-0869 


8-86 


2-1815 


9-66 


2-2680 


7-28 


1-9851 


8-08 


2-0894 


8-88 


2-1838 


9-68 


2-2700 


7-30 


1-9878 


8-10 


2-0918 


8-90 


2-1860 


9-70 


2-2721 


7-32 


. 1-9906 


8-12 


2:0943 


8-92 


21883 


9-72 


2-2742 


7-34 


1-9933 


8-14 


2-0968 


8-94 


2-1905 


9-74 


2-2762 


7-36 


1-9660 


8-16 


2-0992 


8-96 


2-1927 


9-76 


2-2783 


7-38 


1-9987 


818 


2-1017 


8-98 


2-1950 


9-78 


2-2803 


7-40 


2-0015 


8-20 


2-1041 


9-00 


2-1972 


9-80 


2:2824 


7-42 


2-0041 


8-22 


2-1065 


9-02 


2-1994 


9-82 


2-2844 


7-44 


2-0068 


8-24 


2-1090 


9-04 


2-2016 


9-84 


2-2864 


7-46 


2-0095 


8-26 


2-1114 


9-06 


2-2038 


9-86 


2-2885 


7-48 


2-0122 


8-28 


2-1138 


9-08 


2-2060 


9-88 


2-2905 


7-60 


2-0149 


8-80 


2:1162 


9-10 


2-2082 


9-90 


2-2925 


7-52 


2-0176 


8-32 


2-1186 


9-12 


2-2104 


9-92 


2-2945 


7-54 


2-0202 


8-34 


2-1210 


9.-14 


2-2126 


9-94 


2-2965 


7-56 


2-0228 


8-36 


21234 


9-16 


2-2148 


9-96 


2-2985 


7-58 


2-0255 


8-38 


2-1258 


9-18 


2-2170 


9-98 


2-3006 


7-60 


2-0281 


8-40 


2-1282 


9-20 


2-2192 


10-0 


2-3026 


7-62 


2-0307 


8-42 


2-1806 


9-22 


2-2213 


10-2 


2-322 


7-64 


2-0333 


8-44 


2-1330 


9-24 


2-2235 


10-4 


2-342 


7-66 


2-0360 


8-46 


2-1353 


9-26 


2-2S57 


10-6 


2-361 


7-68 


2-0386 


8-48 


2-1377 


9-28 


2-2278 


10-8 


2-379 


7-70 


2-0412 


8-50 


2-1400 


9-30 


2-2300 


11-0 


2-398 


7-72 


2-0488 


8-52 


2-1424 


9-32 


2-2321 


11-2 


2-416 


7-74 


2-0464 


8-54 


2-1447 


9-34 


2-2343 


11-4 


2-438 


7-76 


2-0490 


8-56 


2-1471 


9-36 


2-2364 


11-J6 


2-461 


7-78 


20515 


8-58 


2-1494 


9-38 


2-2386 


11-8 


2-468 


7-80 


9*0541 


8-60 


2-1517 


9-40 


2-2407 


12-0 


2-485 



I t 
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No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm. 


No. 


Logarithm 


12-2 


2*501 


20-2 


3-006 


41- 


8-718 


81- 


4-394 


12-4 


2-518 


20-4 


.3-016 


42- 


3-737 


82- 


4-406 


12-6 


2-534 


20-6 


3-026 


43- 


S-761 


83- 


4-418 


12-8 

4 


2-549 


20-8 


3-035 


44- 


8-784 


84- 


4-431 


13*0 


2-565 


21-0 


3-044 


45- 


8-806 


85- 


4-442 


13-2 


2-580 


21-2 


3-053 


46- 


3-828 


86- 


4-454 


13-4 


2-595 


21-4 


8-062 


47- 


8-850 


87- 


4-466 


13-6 


2-610 


21-6 


3-071 


48- 


8-871 


88- 


4-477 


13-8 


2-625 


21-8 


. 8-080 


49- 


8-892 


89- 


4-488 


14-0 


2-639 


22-0 


8091 


50- 


8-912 


90- 


4-500 


14-2 


2-653 


22-2 


8-100 


51- 


8-982 


91- 


4-511 


14-4 


2-667 


22-4 


8-109 


52- 


8-951 


92- 


4-522 


14-6 


2-681 


22-6 


3-118 


53- 


3-970 


93- 


4-532 


14-8 


2-694 


22-8 


3-127 


54- 


8-989 


94- 


4-543 


16-0 


2-708 


23-0 


8-135 


55- 


4-007 


95- 


4-554 


15-2 


2-721 


23-2 


8-144 


56- 


4-025 


99- 


4-564 


15-4 


2-734 


23-4 


3-153 


57- 


4-043 


, 99- 


4-574 


15-6 


2-747 


23-6 


8-162 


58- 


4-060 


99- 


4-585 


15-8 


2-760 


23-8 


8-170 


59- 


4-077 


•99- 


4-595 


16-0 


2-772 


24-0 


3-178 


60- 


4-094 


100- 


4-605 


16-2 


2-785 


24-2 


8-186 


61- 


4-111 


150- 


5-010 


16-4 


2-797 


24-4 


8-194 


62- 


4-127 


200- 


5-298 


16-6 


2-809 


24-6 


8-202 


68- 


4-143 


250- 


5-52^ 


16-8 


2'821 


24-8 


8-211 


64- 


4-159 


300- 


5-704 


17-0 


2-833 


25-0 


8-219 


65- 


4-174 


350- 


5-858 


17-2 


2-845 


26- 


3-258 


66- 


4-190 


. 400- 


5-991 


17-4 


2-857 


27- 


3-296 


67- 


4-205 


450- 


6-109 


17-6 


2-868 


28- 


8-882 


68- 


4-219 


500- 


6-215 


17-8 


2-879 


22- 


8-867 


69- 


4-284 


600- 


6-897 


180 


2-890 


30- 


8-401 


70- 


4-248 


700- 


6-551 


18-2 


2»901 


81- 


8*484 


71- 


4-268 


800- 


6-685 


18-4 


2-912 


32- 


8-465 


72- 


4-277 


900- 


6-802 


18-6 


2-923 


33- 


3-496 


78- 


4-290 


1000- 


6-908 


18-8 


2-934 


34-. 


3-526 


74- 


4-804 


5000- 


8-517 ^ 


19-0 


2-945 


85- 


8-555 


75- 


4-817 


10000- 


9-210 


19-2 


2-955 


36- 


8-583 


76- 


4-830 


1 




19-4 


2-965 


37- 


3-611 


77- 


4-344 




• 


19-6 


2-975 


38- 


8-687 


78- 


4-357 






19-8 


2-986 


39- 


8-668 


79- 


4-369 






20-0 


2-996 


40- 


8-689 


80- 


4-882 


\ 


_ 
^ 



Whq^ the expanfiion of Bteam, or of any other gaseous fluid, 
follows the law of Mabbiotte, that is, when its pressure during 
expansion is in the inverse ratio of its Tolume, the line of pressure 
thus resulting is designated the " Hyperbolic Curye." The Hyper- 
bolic Logarithm represents the value of the area produced by such 
curve, in proportion to unity of area produced to the point where the 
curve of expansion commences. For illustration let us take the 
theoretical expansion diagram on page 79, where the cut-off is at 
one-tenth, so that the volume at the termination of the expansion is 
ten times the initial volume, and the pressure is one-tenth of the 
initial pressure. To calculate the value of the expansion, the hyper- 
bolic logarithm of 10 will be required. It will be seen by the table 
that the hyperbolic logarithm of 10 is 2*3026 (the exact figures are 
2*802585, but those usually given are 2*303). If the area produced 
by the steam to the point of cut-off be denoted by 1*, then the area 
produced by expansion will be 2*3026, and therefore that of the 
whole diagram will be 3*3026. The reader will understand that the 
area is exactly proportionate to the power. 

In order to ascertain the average pressure of a diagram having 
the hyperbolic expansion curve, multiply the absolute terminal pres- 
sure by the hyperbolic logarithm plus 1* of the number representing 
the range of expansion. Thus the theoretical diagram just referred 
to has a range of expansion of 10 ; and as the terminal pressure is 
7*5tt>s, this must be multiplied by (2*3026 + 1 =) 3*3026, which 
will give an average pressure of 24'7695ibs absolute. If the cutoff 
should occur at half stroke, the steam would expand to two volumes, 
and the value of expansion would be represented by the hyperbolic 
logarithm of 2, which is 0*693. Suppose now that the cut-off should 
occur at three-tenths of the stroke, then it would expand from three 
to ten volumes, and the range of expansion would be 3*333. The 
hyperbolic logarithm of 3*333 is 1*203, and if the absolute terminal 
pressure be multiplied by 1*203 -f- 1 ( = 2*203 ) the average absolute 
pressure will be found. The table does not give the number 3*33, but 
the hyperbolic logarithm of it will be obtained with sufScient accuracy 
by taking the mean of 3*32 and 3*34. If the cut-off should occur at 
two-thirds of the stroke, then the range of expansion will be 1*5, the 
hyperbolic logarithm of which is 0*4054. To this must be added 1, 
making 1*4054, with which the terminal absolute pressure is to be 
multiplied to obtain the average absolute pressure of whole dia^pwn. 





TABLE V. 






CO-EFFICIENTS OF LINEAR EXPANSION BY HEAT, 








lOOo Centigrade 


Ooldy Paris standard, 


lo Centigrade. 


lo Fahrenheit. 


180O Fahrenheit 


annealed ... 


0-000015153 


0-000008418 


0-0015153 


,, nnannealed 


0-000015515 


0-000008620 


0-0015515 


Silyer 


0-000019086 


0-000010603 


0-0019086 


Copper 


0-000017173 


0-000009540 


00017173 


Tin, Falmouth 


0-000021729 


0-000012070 - 


0-0021729 


„ Malacca 


0-000019376 


0-000010765 


0-0019376 


Zinc 


0-000029400 


0-000016333 


0-0029400 


Brass (by Rankine) 


0-000021600 


0-000012000 


0-0021600 


„ (by Deschanel) 


0-000018782 


0-000010434 


0-0018782 


xjcaQ ••• ••• •.• 


0-000029000 


0-000016111 


00029000 


Iron, soft, wrought ... 


0-000012204 


0-000006780 


0-0012204 


^^ CclBu • • • . • • 


0-000011000 


0-000006111 


0-0011000 


Steel, soft 


0-000010792 


0-000005995 


0-0010792 


„ tempered and 


1 






re- heated to BS** 


0-000012395 


0-000006886 


00012395 


Platmum 


0-000009918 


0-000005510 


0-0009918 


Glass, flint 


0-000008116 


0-000004509 


0-0008116 


„ French, with lead 


0-000008715 


0-000004841 


0-0008715 


Bismuth 


0-000013916 


0-000007731 


0-0013916 


Tabt.Fi VI 


.—EXPANSION 


r OF VOLUME 







lo Centigrade 


10 Fahrenheit 


Mercury 32° to 212® Fahrenheit 


0-00018000 


0-00010600 


„ ... 212** „ 392® „ 


0-00018450 


0-00010250 


,• ... ••*' 0\)iu „ Ul M ,, 


0-00018900 


0-00010500 


Water 32® „ 212® „ 


0-00047556 


0-00026420 


„ 212® „ 392® „ 0-00091836 


0-00051020 


„ 392® „ 572® „ 0-00102083 , 


0-00056713 


Air, and all per- j 




manent Oases 32® 


„ 212® 




0-00366300 


0-00203500 



To find the amount of expansion for any given range of tempera- 
ture, the co-efficient given most be multiplied by the number of 
degrees through which the body may have passed. The third colamn 
of Go-efficients of Linear Expansion represents the proportion of their 



' .. ^. 
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whol^'lengiih which the several l)odies will expand, by a change of 
temperature from the freezing to the boiling point of water at atmo- 
spheric pressure. Liquids are more conveniently and more correctly 
repr^ented by their increase of volume. To change the decimal to 
the vulgar Auction may enable some persons to see the proportions 
better. This can be very easily done. Take the last co-efficient as 
an example. Now there are six places of decimals necessary to be 
taken into account — the cyphers to the right hand may be entirely 
disregarded ; after these place seven figures, and cut off the two 
cyphers to the left hand *hus: 0*00 | 2035)1000000(491-4; so 
that the expansion is 1 — 491*4 of its volume for 1° Fahrenheit. 

As another example, take the first co-efficieDt of linear expansion, 
which is for one degree centigrade for gold. Here are nine places of 
decimals, thus : 0-0000 | 15153 ) 1,000,000,000 ( 65993 ; so that the 
amount of expansion is ^zts-j ^^ ^^^ length for one degree centigrade 
increase of its temperature, 't'or one degree Fifthrenheit it is obvious 
that the expansion would be still less in the ratio of 9 to 5, which 
wo)ild make it yTTtrff ^^ i^s length. The co-efficient for air, &c., is 
usually allowed to remain constant through all temperatures. 



Table VII.- 


-CONDUCTIYITT OF MBTATiS. 




As given by Ttndall. 

For For 
Heat Electricity 

Silver ;. ,.. 100 ... 100 


As given by Dsighanel. 

For 
Heat 

Silver r 100 


Copper 

Gold • 


74 


... 78 
... 59 


v^ouu6r ... ... ••• 

\jrOiCl««« .... ••• ••• 


77-6 
53-2 


jDrasB ..• ... ... 


24 


.- 22 


jDrass ••• ••• ••. 


33- 


Tin 


... 15 


... 23 


iLilllC *•• ••• ••• ••• 


19*9 


xron ..• ••* ••• ... 


12 


... 13 


Tin 

XIJX ... ... •*• 


14-5 


JLteaci ••• ... ••• 


• • • «/ 


... 11 


c>i>6ei.«* *•• ••• ••• 


12- 


Platinum 


8 


... 10 


XiOU ... ••• ••• 


11-9 


German Silver ... . 

% 


•If 6 


... 6 


Xjcaci ••« ... ••• 


8-5 


Bismuth 


2 


... 2 


Platinum 


8-2 








Palladium 

Bismuth 


6-3 

1-9 

1 


As Silver has the highest conductivity of any 
by which to esdiibit the compaxati^ 


metal, it is taken as the standard 
^e values of all others. 



\ 
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TABLE VHI. 



TEMPBBATURE8 OF FUSION. 



Centigrade Fahreziheit 



Mercnrj 


40 ., 


.. —40 


Bromine ... 


... -7-32 


+ 18-824 


J.C/V ... •*• ... ••• ... ... 


. 


.. +32 


Butter 


... "7"0*) .< 


.. 91-4 


Lard ... ... 


... o«5 .< 


.. 91-4 


Spennaceti 


. . • 4«/ • < 


.. 120-2 


Stearine 


• •• DO .< 


131 


Tallow Wax 


62 .< 


.. 143-6 


YV m Le |y«.« ••• ••• ••. ••• 


68 


.. 154-4 


Stearic Acid 


70 .; 


158 


Phosphorus 


... 44 ., 


.. 111-2 


Potassium 


••• 63 


. 165-4 


Sodium 


... */D .< 


203 


Iodine .... ... 


107 .. 


.. 224-6 


Sulphur 


... 110 .. 


230 


Tin 


230 ., 


446 


Cadmium ... 


... 315 ., 


599^ 


Bismuth ... ... 


265 .. 


509 




... 320 .. 


608 


Zinc 


360 .^ 


680 


Antimony 


... 432 ., 


810 


Bronze 


900 ., 


.. 1652 


Silver, pure ... ^ ". 


1000 .. 


.. 1832 


Copper 


... 1150 .. 


.. 2102 


Qold,, coined 


1180 ., 


.. 2156 


Gold, pure 


1250 .. 


.. 2282 


Iron, cast ... 


fl050 .. 
11250 .. 


.. 1922 

.. 2282 


Iron^ wrought ... ... ... 


ri500 .. 
"* t 1600 ., 


. 2732 
. 2912 


oceei ... ... *** ... *** *** 


J 1300 ., 
1 1400 ., 


.. 2372 
.. 2552 


Platinum... ... ••. ... ... 


2000 .. 


.. 3632 


j^rasB *•• ... ... ... ... ... 


1020 ., 


.. 1868 


Alloy — Tin 4, Bismuth 5, Lead 1 

• 


119 .,, 


246 



XZZYUl. 



• f • 
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TABLE IX. 

BOILING POINTS, OR TEMPERATURES OP 
EVAPORATION OF THE FOLLOWING LIQUIDS AT 

ATMOSPHERIC PRESSURE. 

Centigrade Fahrenheli 

Salphuric Acid 

Hydrochloric Ether .?• 
CommoTi fy 

Alcohol ••• ••• 

Distilled Water ^. 

Spirits of Tarpeatine 

Phosphorus ... «... 

Concentrated Sulpliuric Acid 

Mercury ... 

Sulphur 



... — XV 




► T*-* 


. +11 




51-8 


.. 37 




98-6 


79 




. 174-2 


... 100 




212 


130 




266 


... 290 




•554 


325 




617 


... OOu 




667-4 


440 




824 



Table X.— HEATS OF COMBUSTION. 

Centigrade Fahrenheit 



Hydrogen 

H.ydrogen with Chlorine 
Marsh Gas .... 

defiant Gas 

Oil of Turpentine 

Olive Oil 

Stearic Acid 

XiLner ••. ... 



••• 



... 34462 

23783 

... 13063 

11858 

... 10852 

9862 

... 9616 

9028 



Carbon completely burned, to Carbonic Acid 8055*5 
Carbon incompletely burned, to Carbonic Oxide 2444*4 
Carbonic Oxide, the product of 1ft) of Carbon ^,5611*1 
Carbonic Oxide, unit of weight 2404 



Charcoal 

Graphite 

Diamond... 

Alcohol 

Native Sulphur ... 

Soft Sulphur... 

Sulphide of Carbon 



... 



5700 
7797 
7770 
7184 
2261 
2258 
3400 



62032 

42809 

23513 

21344 

19534 

17752 

17309 

16250 

14500 

4400 

10100 

4328 

13500 

14035 

13936 

12931 

4070 

4064 

6120 



Tlie numbers represent the number of times its own weight of water which would 
be raised 1® by the heat evolved by the complete combustion of the substance. 



TOTAL HEAT. OP GOKBtlSTION OP FUEL. 






FUEL. 

■ " ■ >' ! ' f. * 

ObttSQoaV from]^wood 

Osgood 

,> middling 

V bad 

Goal: 

1 Anthracite 

2 Diy Bituminous 

5 « „ 

6 Oaking 

7 „ 

8 Oannel 

9 Drylongfiaming 
10 Lignite 

Peat, dry 

„ 25 % moisture 
Wood, dry 

„ 25 % moisture 



Carbon. 



Hjrdcpeei 



' I Air 
Heat required 
in British I toon* 
Thenmd of Futel, 



TMik. 



in 



0-93 

. O'H 
0-88 
0-82 

0-915 
0-90 
0-87 
0-80 
077 
0*88 
0-81 
0-84 
0-77 
0-70 
0-58 

0-50 



o-oas 

0^04 

O'M 

0-054 

0-05 

0-052 

0-052 

0-056 

0-052 

0'0& 

0-06 ;■ 



0*026 
0-02 

0-oa 

0-016 

0-06 

0-054 

0-04 

0*08 

0*15 

0-20i 

0-31 



0*93 
0-80 
0-94 
0-88 
0-82 

1-05 

1-06 

1-025 

1-02 

0-95 

1-075 

1-01 

1-04 

0-91 

0-81 

0-66 

0-50 



14 

12 

14 

13-2 

12-3 



15-75 
15-9 
1&-4 
15-3 
14-25 
16-0 
15-15 
fl5-6 
13-65 
12-15 
10-0 
7-25 
7-5 
5-8 



13500 
11600 
13620 
12760 
11890 

15225 

15370 

14860 

14790 

13775 

158S7 

14645 

U5080 

18195 

11745 

9660 

7000 

7245 

5600 



11-16 

10^56 
9-d4 



12*18 
12-06 
112-6 
12-24 
11-4 
12-9 
r 12-12 
12*48 
10*92 
9-72 
7-92 
5*74 
5-94 
4*63 



The figures in the fifth column represent the number of pounds 
of water evaporated hj one pound of the substance, oa the assump- 
tion that the combustion is complete, and that all the heat evolyed 
is transmitted to the wat^. The initial t^iq^xnbure of the water is 
understood to be at 212^ Fahrenheit,' and is eyf^rated at the same 
tanperature. This represents 966 British thermal units per pound 
of water; so that taking pure carbon, which is equal to 14,500 
thermal units per pound avoirdupois, it will be equivalent ta fifteen 
pounds of water evaporated from and at 212% or the boiling point at 
atmoipherio psesfliua 

A3 



xL 
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TABLE XTI. 
SPEOIPIO FEATS. 








Water. 


•.•••.........••( 


1-000. 










SOLIDS. 






Antimony 


• • • 


... 0-05077 


Brass ... 




0-09391 


Silver 


• •• 


0-05601 


Nickel 

* 


«•• 


0-10860 


Arsenic 


•.« 


... 0-08140 


Gold 




0*03244 


Bifimnth ••• 


... 


0-08084 


Phosphorous ... 


... 


0-18870 


Cadmium 


••. 


... 0-05669 


Platinum 




0-03243 


Charcoal ... 


.•• 


0-24150 


jLieaci ... . • • 


... 


0-03140 


Copper... 


••• 


... 0-09215 


Plumbago 




O-21800 


Diamond ... 


... 


0-14680 


Sulphur 


... 


0-20259 


Tin ... 


«•• « 


... 0-05628 


Glass ... ^ ... 




0-19768 


Iron 


••• 


0-11379 


Zinc ... 


... 


0-09555 


Iodine ... 


••• 


... 0-05412 

LIQI 


xce. .. ••• ... 
riDS. 




0-50400 


Mercury ... 


•• • 


0.03832 


Benzine ... ... 




0*89520 


Acetic Acid 


••1 


... 0-65890 


Ether ••• 


... 


0-51570 


Acohol at 86^ 


centigrade 0-67350 


Oil of Turpentine... 




0-46290 


Olive Oil 


••• 


.. 0-30960 


Petroleum 


... 


0-46840 




GASES AT cons: 


rANT PBESSUBE. 






Air ... *•• .•« 


0-2880 


Carbonic Acid ... 


... 0-2170 


Oxygen ... 


• • • 


... 0-2180 


defiant Gas 


■ 


0-3690 


Hydrogen 


. . 3-4050 


Nitrogen 


... 0-2440 


Steam .•.. ~ 


•• • 


,.. 0-4750 


Chlorine 


• 


0-1214 


, Ether Vapour 


• • 


0-4810 


Ammonia 


... 0-5080 



The ^ Specific Heat " of any body is its capacity for heat, that is, 
the quantity of heat required to raise a unit of its weight through 
one degree in temperature; otherwise designated '^heat capacity." 
Whatever values the units of weight and of heat may be fixed at, the 
proportions of specific heat shown in the table will remain the same. 
Pure water at its greatest density, which is 39*1^ Fahrenheit, and 
with a limited range of temperature upwards, has been adopted as 
the unit of specific heat. One pound avoirdupois weight of wator 
raised one degree Fahrenheit represents a British thermal unit; 






and if expressed by the centigrade scale, would be egmyaleiit to 
0*555^ The French thermal unit of heat is equivalent to one kilo- 
gramme of water raised in temperature one degree centigrade. As a 
kilogramme equals 2*20462ifos avoirdupois, and as P centigrade 
equals 1*8" Fahrenheit, then a French thermal unit will equal 3*9683 
British thermal units. 

British thermal unit = lib water raised 1® Fahrenheit. 
French thermal unit = 1 kilogramme of water raised 

V centigrade. 

The mechanical equivalent of heat is 772 foot pounds for one British 
thermal unit. For r centigrade it is 772 x 1-8 = 1389'6 foot 
pounds. 

The specific heat of the gases is given for constant pressure, so 
that a portion of the absorbed heat is expended in overcoming a 
resisting weight or pressure, rendered necessary by the increase of 
volume. Heat is thus imparted, in excess of the sensible heat which 
is shown by the thermometer, equivalent to the work performed. The 
proportions of specific heat at constant volume and at constant pres- 
sure, of simple gases, and of air, which follows the same law, are 
approximately as 1 : 1*4 ; so that if the specific heat given for con- 
stant pressure be divided by 1*4, that of constant volume will be 
obtained. 

Analogy leads to the conclusion, which is now accepted as an 
established law, that liquids and solids would also have a lower 
specific heat if, by sufScient force of resistance, they could be main- 
tained at the same volume and dimensions whilst receiving incre- 
ments of temperature. The heat absorbed in excess of the quantity 
required by the increase of temperature under the conditions here 
supposed, may be called the latent heat (^e^aneion. 



BI»ECIPI0 GRAVrriEB. 

HETALS. 



• •• 



Iridimn 
Platinum 

Oold 

Mercarj..t ••• 
Thallinln ... 
Pftlladiam .*• 

Lead 

Silver ... ••• 
BifltnuiSi ... 

Copper 

Nickel 

Cadmittm ... 
Cobalt 
Hanganese ... 



•• k«. 



•• 



•• 



. . 



••• 



•.. 



«•• 



.. . 



••• 



.. 



•«• 



!•-• 



... • •• 



isasai'v ... ••• •«. 
v/JAV ••• «*« ••• • 

filaas, Czowit 

,j Flint 
Quartz, Back Ciyetal 
P<MrtkndfitQiie... ••• 
Talc^Bladk «.. ••• %«• 
Pumice Stone ••• ••• 



.. 21-5 
19-3 
.. 13-896 

11-9 

.. 11*8 

11-3 

.. 10-5 

9^8 

..; 8-9 

8-8 

.. 8-6 

8-5 

.. 8-0 



Iron 

Zin^* 

j^timony 

Arsenic •• ••• 
'Ofaromium... 
Aluminium ••• 

Strontium 

Magnesium ... 

Calcium 

Rubidium ••• 

Sodium 

Potassium ... 
Lithium 



.. ... ... •*. 



••• 



. • • ... 



... ... 



..• .1 



... ..• 



••• •«< 



... ... 



7*6 

•7^ 

7-1 

6-7 

5-9 

5-9 

2-56 

^•54 

i-76 

1-58 

1*52 

0-972 

0-866 

0-598 



OTHER SOLIDS. 



8^ 

1-92 

2-5 

8-0 

2-65 

2-67 

2-9 

0-915 



Chalk ... • 1"^ to -2:^ 

Sulphur ..% "2- 

Gninite, Aberdeen '2.695 

Limestone, Oreen ... /<9'W8 

Marble, Parian 2^888 

Porphjiy, Bed 2*765 

Slate «•• Sh672 

jLce ••• ••. ••• ••• V ifjv 



LTQtriDS. 



Water, Pure p ... 

„ Sea, ordinary 
Alcohol, Pure ••• .-^^ 

„ Proof Spirit 

£<ther ••• ••• 

Naptha ... ••• ... 
Oil, Linseed. 

„ \/I1y6 ... •.. ... 

,1 vvnaie ••• ••• ••• 



1-000 
1-026 
0-791 
0-916 
0-716 
0-848 
0-940 
0-915 
0*928 



Oil of Turpentine 0*870 

Blood, Human 1-055 

Milk, Cow 1-03 

Acetic Acid 1*007 

Ammonia, Liquid... ... 0-900 

„ Muriate of 1-45 

Turpentine 0-990 

Sulphuric Acid . .« • • • 1-840 

„ „ conoentrtd. 2*125 



^^^Wp^? 



0ABBS. 

AttmoBpheric Air ... 1*000,— being to Water as 1 : 773*28. 
Air being at 62"^ and Water at 3d'V Fahrenheit. 



*•• «. • 



... ... 



Hydtogen 
Oiygen 
Nitrogen 
OarbomoAcid ... 
Oxide 



••• 



•• • 



•fr. 



fi 



• •. 



•*. - •• . 



0*069 1 

1*104 

0*972 

1-527 

0*972 



Garbnretted Hydrogen 
Sulphuretted Hydrogen 
Chlorine .». ... •.. 

Ammonical 

Yapour of Alcohol . . • 



0*972 
1*777 
2.500 
0-500 
1-613 



TABLE XrV. 



BSIGHTS DUB TO VELOCITIES PEODUCBD BY 

GRAVITY. 



Velocity 

(a feet 

ilSecond 




Velocity 




Velocity 

in feet 

!f) Second 




Tteighl 


in feet 
!f) Second 


Height 


Height. 

< 


1 


0-01553 


27 


11*320 


54 


45-279 


2 


0*06211 


28 


12*174 


56 


48*695 


3 


0*13975 


29 


13-059 


58 


52*235 


4 


0-24844 


30 


13*975 


60 


55*870 


5 


0-38819 


31 


14-922 


62 


59-689 


6 


0-55900 


32 


15-900 


64 


63-602 


7 


0-76086 


32*2 


16-100 


64*4 


64*400 


8 


0-99377 


33 


16*910 


66 


67-639 


9 


1*2577 


34 


17*950 


68 


71*800 


10 


1*5528 


35 


19*021 


70 


76*087 


11 


1-8789 


36 


19*813 


72 


80-497 


12 


2-2360 


37 


21*257 


74 


85*029 


13 


2*6241 


38 


22-422 


76 


89*688 


14 


8-0434 


29 


23-618 


78 


94*471 


15 


3-4937 


40 


24*844 


80 


99*379 


16 


8-9751 


41 . 


26*102 


82 


■ 104*41 


17 


4-4875 


42 


27*891 


84 


109-56 


18 


5*0310 


43 


28-711 


86 


114-84 


19 


5*6055 


44 


30-062 


88 


120-25 


20 


6-2111 


45 


31-444 


.90 


125-77 


21 


6-8477 


.46 • 


32*857 


92 


131-43 


S2 


7-5153 


47 . 


34*301 


.94 


137-20 


23 


8-2141 


48 '- 


S5*77i5 


96 


143-10 


24 


8-9441 


49 


37-282 


98 


149-07 


25 


9-7048 


50 


86-820 


100 


165*28 


26 


10-497 


62 


41-987 







The iMightifl found by squaring ^J^eiodty and ^vidipig by 64*4, aqd the 

'telDCtty irfbimd'by Teyentng tite piocesa. 
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TABLE Xn. 

nOWINO THV INOBBASE AND DEOBJlAfit OV TBS- StKBNOTK OF 11105 AT 
TABIOUS nifPEHATUBES, FBOK TK8T8 BT THE COiaflTTXS Of tHB VRJOmUN 

XNHTITUtE. 

Comparative view of the iaflaence of HiglLTemptrainMoiitlLe 8trengj|}i of Irony 
ts efichibited by 73 experiments on 47 different sj^cimens of*tliat metal, at 46* 
different temperatures, from 212P to 1817° FalirenliQit, compoired with the strength 
of each bar when tried at ordinary temperatures : the* whole noiib^ 4f experi- 
ments at the latter being 168. 
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14 
15 
16 
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18 
19 
20 
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27 
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137 


56736 


1 


67939 


1 




+•198 


214 


133 


53176 


1 


61161 






+•150 


394 


58 


^8356 


1 
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148 


65143 


1 


69752 
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23 
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2 
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1 


68322 
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3 
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578 
578 
580 
590 
598 
630 
636 
662 
722 
732 
734 
766 
770 
814 
and 
1824 
825 
932 
947 
1022 
1037 
1097 

nil 

1142 



1155 

1159 
1187 
1235 
1245 
1317 



164 

224a 

223a 

86 
220b 

90 
219a 

16 
150 
152 

14 
150 

16 
149 

214 

149 
214 
232 
214 
152 
227 
227 
226 

227 

229 
227 
226 
226 
226 



58769 
52406 
45757 
62156 
52459 
50316 
59530 
53543 
59307 
57] 33 
52542 
59397 
56891 
56825 

59219 

56825 
59219 
58341 
59219 
58992 
53426 
53426 
54758 

53426 

55774 
53426 
54758 
54758 
54758 



Means: 57525 



5 
5 



3 
5 
5 
3 
1 
5 
3 
1 
1 
1 
2 



2 
1 
2 
2 
1 
6 
6 
2 



3 
6 
2 
2 
2 



66929 
59197 
53465 
77163 
62966 
57310 
60010 
50039 
58181 
54441 
53378 
57903 
54819 
54781 

55892 

56644 
45531 
42401 
37410 
87764 
27604 
27602 
18672 

21967 

25620 
21910 
21298 
20703 
18918 



2 
1 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 



1 

1 
1 
1 
1 
1 
1 
1 



1 
1 
1 
1 
1 



w 



•1214 
•0565 
•0896 
•0986 
•0680 
•2401 
•1440 
•1563 
•0644 
•0507 
•1310 
•0644 
•1563 
•0234 

•0413 

•0234 
•0413 
•0446 
•0413 
•0507 
•0330 
•0330 
•1147 

•0330 

•1102 
•0330 
•1147 
•1147 
•1147 



+•139 


+•129 


+•168 


+•052 


+•058 


+•138 


+•008 


—067 


—019 


—047 


+•016 


—026 


—037 


—036 


-078 


■"•029 


-•240 


-•273 


-•369 


—360 


-•483 


-•483 


-•659 


—589 


-•538 


-•589 


-•611 


—•622 


-•654 



g 






Thif ezperimeat wis 
on a part probably 
defecttro. 



I The metal was de- 
cidedly defectire at 
the point where this 
fracture was made- 
flaws visible. 

/The 8th experiment 
on this bar being 
talcen as the standard 
would exhibit th« 

V. effect— 'MO. 



•'>A > 



This table shows that Iron Btetm Boilers become stronger as the temperature inoiMiti, up 
« aboat 600 degrees ; beyond that temperature it becomes weaker. . . 

Copper decreases in strength from 66 degnw upwards. 



b3 
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TABLE XVII. 

CONTAISINO THE WEIGHT OF RoUND Bar IrON, FROM 1 TO 10 FBET IN 
LRKGTH, AND FROM J INCH TO 6 INCHES DIAMETER. 



s^ 


• 


LENGTH 


OF THE BARS 


IN FEET. ' 




Ifoot 


2 feet 


8 feet 


[4 feet 


5 feet 


6fe«t 


7 feet 


8feet 


9 feet 


10 feet 


^ 


lbs 


IbB 


lbs 


lbs 


lbs 


lbs 


lbs 


lbs 


lbs 


lbs 


'• ' 


0-2 


0-3 


0-6 


07 


0-8 


1-0 


1-2 


1*3 


1-6 


1*7 




0-4 


07 


1-1 


1-6 


1-9 


2-2 


2-6 


3-0 


8*4 


8-7 


1 


07 


1-3 


2-0 


27 


3-8 


40 


4-6 


6-3 


6*0 


^'^ 


1-0 


21 


81 


4-2 


6-2 


6-a- 


7-3 


8-3 


9*4 


10-4 


i 


1-5 


3-0 


4-5 


60 


7-6 


9-0 


10-5 


11-9 


13-4 


14*9 


i 


2-0 


4-1 


61 


8-1 


10-2 


12-2 


14-2 


16-8 


18-3 


20-3 


1 in. 


27 


6-3 


8-0 


10-6 


13-3 


15-9 


18-6 


21*2 


23-9 


26-5 


H 


8*4 


67 


101 


13-4 


16-8 


20-2 


23-6 


26-9 


30-2 


33-6 


l| 


4-2 


8-3 


12-5 


167 


20-9 


25 


29-2 


33*4 


37-5 


41*7 


l| 


6-0 


10-0 


151 


20-1 


26-1 


80*1 


35-1 


40-2 


46*2 


60-2 


H 


6-0 


11-9 


17-9 


23-9 


29-9 


85-8 


41-8 


47-8 


63*7 


59-7 


If 


7*0 


14-0 


21-0 


28-0 


85-1 


421 


49-1 


561 


63*1 


70-1 


If 


8-1 


16-3 


24-4 


32-6 


40-6 


48*8 


66-9 


65*0 


73-2 


•81-3 


IJ 


9-8 


187 


28 


87-8 


407 


66-0 


66-8 


747 


84'0 


98*8 


2 in. 


10-6 


21-2 


31-8 


42-6 


63*1 


687 


74*8 


84*9 


95-6 


106-2 


21 


12-0 


24-0 


36-6 


48-0 


69-9 


71-9 


83*9 


95-9 


107*9 


119-9 


2| 


18-4 


26-9 


40*3 


63-8 


67*2 


80-6 


94*1 


107-6 


121*0 


134*4 


2f 


16-0 


80-0 


45-0 


60-0 


76-0 


90-0 


105*0 


120-0 


135*0 


160-0 


^i 


167 


33-4 


60-1 


66-8 


88-4 


100*1 


116-8 


133'6 


150*2 


166-9 


2| 


18-3 


36 '6 


64-9 


73*2 


91-6 


109*8 


128*1 


146*3 


164-6 


182-9 


2| 


20-1 


40-2 


60-2 


80-3 


100-4 


120*6 


140*5 


160*6 


1807 


200-8 


2J 


21-9 


43-9 


66-8 


87-8 


1097 


1817 


158*6 


176*6 


197-6 


219*4 


Sin. 


23-9 


47-8 


717 


96*6 


119*4 


148*3 


167*2 


191*1 


215-0 


288-9 


H 


25-9 


61-9 


77-8 


103?7 


129-6 


166*6 


181*6 


207*4 


283-3 


259-3 


H 


28-0 


56 1 


84-1 


112-2 


140*2 


168*2 


196*8 


224*8 


263*4 


280-4 


3| 


30-2 


60-6 


907 


121-0 


151*2 


181*4 


2117 


241-9 


272*2 


802-4 




82-6 


65-0 


97-6 


130-0 


162-6 


195*1 


227*6 


260-1 


292*6 


826-1 


34-9 


69-8 


1047 


139*6 


174-4 


209-3 


244-2 


279*1 


814-0 


848-9 


8f 


37-8 


747 


112-0 


149-8 


186*7 


224-0 


261*3 


298*7 


886 


878-8 


8i 


89-9 


797 


119-6 


159-6 


199-3 


289-2 


279-0 


318*9 


868*8 


898-6 


4 in. 


42*5 


84*9 


127-4 


169-9 


212-8 


254-8 


297-2 


889*7 


382*2 


424-6 


t\ 


45-2 


90-8 


186*6 


1807 


225-9 


271-0 


816-2 


861-4 


406-6 


461-7 


i\ 


48-0 


95-9 


143-9 


191-8 


239-8 


2877 


3357 


883-6 


431*6 


479-6 


50-8 


101-6 


162*4 


203-3 


264-1 


304-9 


856-7 


406*6 


467*8 


608-2 


^i 

4 


68-8 


107-5 


161-3 


216-0 


268-8 


322-6 


376-3 


430-1 


483-8 


687-6 


66-8 


113-6 


170*4 


227-2 


283-9 


340-7 


397-6 


464*3 


611-1 


667-0 


H 


60-0 


119-8 


1797 


289-6 


299*6 


859-4 


419*3 


479*2 


689-1 


699-0 


H 


681 


126-2 


189*8 


262*4 


315*6 


878*6 


441*7 


604*8 


667*8 

1 


680*0 


5 in. 


65-8 


188-6 


200*8 


267*0 


883*8 


400*6 


467-8 


584*0 


1 
600*8 


667-5 


H 


78-2 


146*8 


219*6 


292*7 


866*9 


489-0 


612r2 


585*4 


658*5 


781*7 


H 


80-8 


160*6 


240*9 


821*2 


401*6 


481*8 


662*1 


642*4 


722*7 


808*0 


H 


87-8 


176*6 


268*8 


861*1 


488*9 


6267 


^\^*i 


702*a 


790*0 


877-a 


6 in. 


95-6 


19M 


286-7 


882-2 


477*8 


678-8 


668*9 


7W*4 


860:0. 


WML 
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TABLE XVIII. 

CONTAINING THE WEIGHT OF CAST-IRON BALLS FROM THREE TO 

TWELVE INCHES DIAMETER. 



Diameter in 
Inches. 



8 
81 
3i 

9l 
4 

4i 

4i 

5 

5i 
5i 

6j 



Weight in 
Pounds. 



37 

4-7 

5-8 

7-2 

8-8 

10-5 

12-5 

14-7 

17-1 

19-9 

22-9 

26-1 



Diameter in 
Inches. 



Weight in 
i^Founds. 



29-7 

33-6 

37-8 

42-3 

47-2 

52-4. 

58-0 

64-0 

70-4 

77-3 

84-5 

92-2 



Diameter in 
Inches. 



9 

9l 
9| 
10 
lOi 
lOj 
lOf 

11 

Hi 

12 



Weight in 
Founds. 



100-3 
108-9 
118-0 
127-6 
137-7 
148-2 
159-4 
171-0 
183-2 
209-4 
237-9 



To find the weight of a sphere of Cast Iron, cube the diameter in inches, 
and divide by 7 '27. The quotient will be the weight in lbs avoirdupois. 



TABLE XIX 

CONTAINING THE SUPERFICIES AND SOLID CONTENTS OF SPHERES, 
PROM ONE TO TWELVE, AND ADVANCING BY A TENTH. 



Diiun. 


Superflcits. 


SoUdity. 


Diam. 


Saperficiefl. 


Solidity. 


1-0 


3-1416 


•5239 


3-0 


28-2744 


14-1372 


•1 


3-8013 


-6969 


-1 


30-1907 


15-5985 


•2 


4-5239 


•9047 


•2 


32-1699 


17-1573 


•3 


5-3093 


1-1503 


-3 


34-2120 


18-8166 


•4 


6-1575 


1-4367 


•4 


36-3168 


20-5795 


•5 


7-0686 


1-7671 


-5 


38-4846 


22-4493 


•6 


8-0424 


2-1466 


-6 


40-7151 


-24-4290 


•7 


9-0792 


2-5724 


-7 


48-0085 


26-5219 


•8 


10-1787 


3-0536 


-8 


45-3647 


28-7309 


•9 


11-3411 


3-5913 


•9 


47-7837 


31-0594 


2-0 


12-5664 


4-1888 


4-0 


50-2656 


33-5104 


•1 


13-8544 


4-8490 


•1 


52-8102 


36-0870 


•2 


15-2053 


5-5752 


•2 


55-4178 


38-7924 


•3 


16-6190 


6-3706 


•3 


58-0881 


41-6298 


•4 


18-0956 


7-2382 


•4 


60-8213 


44-6023 


•5 


19-6350 


8-1812 


•5 


63-6174 


47-7130 


•6 


21-2372 


9-2027 


•6 


66-4782 


50-9651 


•7 


22-9022 


10-3060 


•7 


69-8979 


54-3617 


•8 


24-6300 


11-4940 


-8 


72-3824 


57-9059 


•9 


26-4208 


12-7700 


•9 


75-4298 


61-6010 



Dlam. 


Bui^rflcies. 


Solidity. 


Dfatm. 


Superfldei. 


BoUdity. 


6-0 


78-5400 


65-4500 


8-6 


232-3527 


333-0389 


•1 


81-7130 


69-4560 


•7 


237-7877 


344-7921 


•2 


84-9488 


73-6-223 


-8 


243-2855 


356-8187 


•3 


88-2475 


77-9519 


•9 


248-8461 


369-1217 


•4 


91-6090 


82-4481 








•5 


95-0334 


87-1139 


9-0 


254-4696 


381-7044 


•6 


98-5205 


91-9525 


-1 


260-1558 


394-5697 


•7 


102-0705 


96.9670 


•2 


265-9130 


407-7210 


•8 


105-6834 


102-1606 


•3 


271-7169 


421-1613 


•9 


109-3590 


107-5364 


•4 


277-5917 


434-8937 








•5 


283-5294 


448-9215 


6-0 


113-0976 


M 3-0976 


•6 


289-5298 


463-2477 


•1 


116-8989 


118-8472 


•7 


295-5931 


477-7755 


•2 


120-7631 


124-7885 


•8 


301-7192 


492-8081 


•3 


124-6901 


130-9246 


•9 


307-9082 


508-0485 


•4 


128-6799 


137-2585 








•5 


132-7326 


143-7936 


10-0 


314-1600 


528.6000 


•6 


136-8480 


150-5329 


-1 


320-4746 


539-4656 


•7 


141-0264 


1574795 


•2 


326-8520 


555-6485 


•8 


145-2675 


164-6365 


•3 


333-2923 


572-1518 


•9 


149-5715 


172-0073 


-4 


339-7954 


588-9784 




• 




•5 


346-3614 


606-1324 


7-0 


153-9384 


179-5948 


•6 


352-9901 


623-6159 


•1 


158-3680 


187-4021 


-7 


359-6817 


641-4325 


•2 


162-8605 


195-4326 


-8 


366-4362 


659-5852 


•3 


167-4158 


203-6893 


-9 


373-2539 


678-0771 


•4 


1720340 


212-1752 








•5 


176-7150 


220-8937 


11-0 


380-1336 


696-9116 


•6 


181-4588 


229-8478 


•1 


387-0765 


716-0915 


•7 


186-2654 


2390511 


•2 


394-0823 


735-6200 


•8 


191-1349 


248-4754 


-3 


401-1059 


755-5008 


•9 


1960672 


258-1552 


•4 


408-2823 


775-7364 








•5 


415-4766 


796-3301 


8-0 


201-0624 


268-0832 


-6 


422-7336 


817-2851 


•1 


206 1203 


278-2625 


•7 


430-0536 


838-6045 


•2 


211-2411 


288.6962 


•8 


437-4363 


860-2915 


•3 


216-4248 


299-3876 


•9 


444-8819 


882-3492 


•4 


221-6712 


310-3398 








•5 


226-9806 


321-5558 


12-0 


452-3904 


904-7808 



This table will serve equally well for any ^d every unit of measurement. 
If the unit be inches, then the answer will be in inches ; and so with feet, 
yards, metres, or miles. If the diameter of the earth be taken at 7,900 miles, 
(the mean diameter is really 7,914 miles), then the surface will be 196,067,200 
square miles, and the contents 258,155,200,000 cubic miles, because the super- 
ficies are as the square, and the solid contents as the cube of the diameter. 
As 7,900 equals 1,000 times 7*9, then the figures opposite the latter must be 
multiplied by the square and by the cube of 1,000 respectively. 
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TABLE XX. 

CONTAININa THB WBiaHT OF OAST*IBON PIP]BB, 0KB fOOT liONa. 



Diam of 

bore 
In Inches. 



H 

2 

2* 
8 

H 

4 

4* 
5 

H 

6 

7 

7i 
8 

? 

H 

10 
lOi 

11 
4* 

12 
18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 



THICKNESS IN INCHES. 



f 



Pounds 



6-9 
8-8 
10-6 
12-4 
14-2 
16-8 
18-0 
19-8 
21-6 
28-5 
25-8 
27-2 
290 
80-8 
'32-9 
84-6 
86-8 
88-2 



Pounds 



9-9 
12-3 
14-7 
17-2 
19-6 
22-1 
24-5 
27-0 
29-5 
31-9 
34-4 
36-8 
39-1 
41-7 
44-4 
46-6 
491 
51-5 
64-0 
56-4 
58-9 
61-3 



» 



Pounds 



16-1 
19-2 
22-2 
25-8 
28-4 
31-4 
84-5 
37-6 
40-7 
43-7 
46-8 
49-9 
62-9 
56*2 
59-1 
62-1 
65-2 
68-2 
71-8 
74-3 
77-4 
82-7 
89-3 
95-2 



i 



Pounds 



20-3 

23-9 

27-6 

31-3 

35-0 

38-7 

42-3 

46-0 

49-7 

53-4 

56-8 

60-7 

64-4 

68-3 

71-8 

75-5 

79-2 

82-8 

86-5 

90-1 

93-6 

101-2 

108-2 

115-7 

123-3 

130-2 

137-0 



i 






Pounds 



83-8 

87-6 

41-9 

46-2 

50-5 

54-8 

59-1 

63-4 

67-7 

72-0 

76-2 J 

^ 80-8 

84-8 

89-1 

93-4 

97-7 

102.0 

106-3 

110-6 

118-2 

126-5 

135-3 

143-1 

152-5 

161-2 

169-2 

178-1 



1-in. 



Pounds 



39-3 

44-2 

49-1 

54:0 

58-9 

63-8 

68-7 

73-4 

78-5 

83-5 

88-4 

935 

98-2 

103-1 

10^-0 

112-9 

117-8 

12-2-7 

127-6 

137-4 

146-2 

156-2 

166-1 

178-5 

185-3 

195-7 

205-2 

214-1 

2230 

233-4 

245-2 



1* 



Pounds 



45-6 

51-1 

56-6 

62-1 

67-6 

73-2 

78-7 

84-2 

89-7 

95-3 

100-8 

106-5 

111-8 

117-4 

122-8 

128-4 

133-9 

139-4 

145-0 

154-1 

165-3 

176-2 

187-5 

198-2 

209-1 

222-3 

233-2 

243-6 

254-8 

265-5 

277-5 



H 



Pounds 



64-4 
70-6 
76-7 
82-8 
88-8 
95-1 
101-2 
107-4 
113*5 
119-9 
125-8 
131-9 
138-1 
144-2 
150-8 
156-4 
162-6 
173-5 
185-2 
198-1 
211-8 
223-4 
235-6 
247-1 
259-0 
273-2 
285-4 
298.8 
310-6 



Note.— The area of a circle in inches, multiplied hy the length in inches, and 
by '263 3s the weight in lbs. avoirdupois of cast-iron. By this rule any other 
dimensions may be calculated. To get the weight of a Pipe it is only necessary 
to ascertain the weight of the external and internal diameters, and subtract the 
latter frppi the former. 



Hi. 

TABI4B XXI. 

THI VBIOHT of WATZfi IN PIPES Or TABIOUS 
DUKBTBBB, OVB TOOT I» LaMTH. 



ill 



i3 



20J 
21 

21* 



844 
87j 



104 
107 



165 
1724 



28i 
24 
24i 



254 



27^ 



28i 
29 



an 

32 

324 

33 

3Si 

34 

84i 

35 

35i 

36 

sej, 
37 

87J 
38 
884 
39 
39J 



441| 



liii. 
TABLE XXII. 

SHOWINa THE AMOUNT OP " LAP " RBQUIEBD FOB SLIDB VALYAS, 
WHEN THE BTEAM IS TO BE WOBEED EXPAN8IVELT. 



Travene 
of the 

Talveln 
inchea. 


The traverse of the piston where the steam is cut off | 


i 


i 


A 


i 


A 


i 


1 


« 


44 


The required "lap." , 


2 


i 


1 


ii 


« 


A 


i 


A 


f 


A 


2i^ 


l-Ar 


1 


* 


+1 


H 


A 


i 


A 


f 


3 


H 


1^ 


1* 


1 


« 


f 


f 


A 


4 


8i 


li 


lA 


lA 


1* 


lA 


1 


i 


1 


A 


4 


11 


lA 


lA 


lA 


li 


lA 


1 


a 


f 


4 


2 


i« 


lA 


H 


If 


li 


If 


i 


1 


5 


2* 


2 


HI 


lA 


H 


If 


li 


1 


41 


H 


2A 


J5t\ 


2 
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The trarerse of the valves being ascertained, and also the amount of cut- 
off desired, the above table shows the amount of ''lap " required. 



GEO. BBADLE7, PBINTEB, ITOW 8TBBET, SUDDIBSFISW 



USEFUL ADJUNCTS 



FOB THE 



STEAM ENGINE AND BOILER, 

MAjnJFACTURED BT 

JOSEPH HOPKINSON & CO., 

ENGINEERS, 
BRITANNIA WORKS, HUDDERSFIELD 



xxox>zs.x»a-soia-s* 

Compound Safety Valve. 




CTTHE PATENT C'OJlPuU.VIl 
^ SAFETY VAI.VE ig ti'uly 
what its 

safety under all c ire urns tonceB 
which OTdinarily produce Steam 
Boiler Exploe" 

preasure of Steam and Shortness 
of Water. 

Tht adrnntages -of the NEW 
PATENT COMPOUND SAFETY 
\'ALVE are aa follows ; — ita comLlnn- 
Cion of porta, wliicli are moh ea act 
and dcfiutemcy of 
iviiter, its general mechanical and. 
prai.'tital arrangemenlB, the Vnive 
possessing neither guides, spindles, 
ruljliing suiIiteHi, nor parts with eont- 
nlicated levers, tn:, liiilile to adhere, 
is simple in tonstmction iind certain 
action : whilst it can he used as any 
other valve for general working, it 
preventa the careless, the Iguaraiit or 
the wanton from causing either injury to the boiler, or boiler eiplosion ; it 
is not liable to derangsnient, and is in every detail what a Safety Valve 
ought to be. 

Deficiency of water, although often not actually the cause of an explosion, is 
the primary one in many cases, for it not only seriously iignrei and weakens a 
boiler, but aba shortens its working durability, and is costly to the owner in 
repairs. The adoption of this Safety Talve lessens sneh risk and liability to 
serious oonseiiDenceB. 




The action of the Spherical Valve is certain, whenever the steam attains a 
higher pressure than the limit fixed ; and what is of more importance than all 
else, whenever the water in the boiler diminishes below a certain fixed point, the 
Valve gives Timely and Unmiatakable Notice. Should this warning 
be neglected, the Valve will inevitably open to its full extent and let off all 
the steam, rendering continued working under such dangerous circumstances 
ImpoMable, and Explosion also Impossible. 

The couflequences arising from deficiency of water, negligence, inattention, 
ignorance, and wilful malice, are therefore amply guarded against ; in fact, by 
the adoption of this Valve, explosions are prevented from all causes, except that 
of a bad or worn out boiler. 

The great number of Hopkinsons* Patent Compound Safety Valves now at 
work, renders it needless to furnish testimonials of its efficiency. It is adopted 
and applied to the boilers of Her Majesty's Government and by the Governments 
of France, Russia, Germany, Austria, Sweden, and China, and largely by 
Manufacturing Concerns in all parts of the world. It is applied to Twenty 
Thousand boilers, varpng from 50 Valves at one place, to single boilers ; and 
the Inventors know of no instance where it does not give every and entire 
satisfaction. 

To those who have not adopted them to their boilers, we would recom- 
mend them to apply to those that have, who, no doubt, will bear testimony 
as to their merits. 

We would suggest the importance of applying these Valves, thereby placing 
Steam Boilers secnre against overpressure and deficiency of water. 

J. HOPKINSON & CO., ENGINEERS, 
BBITANNIA WOBES, HXTDDEBSFIEU). 




JUNCTION VALVES, FEED VALVES, 

BLOW^-OFF . VALVES, 
And every Und of BOILEB MOUNTINGSy 

Of the Beat J)9idgaM, Uaterial and Worknuuialiip. 



Indication gSteam Engines 

AHD ADJUSTMENT OF VALVES. 



" What the Btathoscope Is tn the Phyaiclin, th« IniJlMtot )■ to the akilml BiiglnBer,— 
TeTMlLng the ncret wocklnga ot the Inner lyaUaa, and deUettng minute deisngeniaiils In parts - 
ohicure^ altUHte." 

The Use and Advantages of the Steam Engine Indicator 



IsT, — Preventiou of BnakdownB 

and unnecessaiy strain. 
2hd. — Economical working. 
3bi>.— Eegulnrily of speed. 
iTH, — Proper a4)''s'™6n' "^ Valres 

for the power required. 
6th.— The horse-power exerted, 

sod the pressure indicated 

at the beginning or any 

port of the stroke. 
Bth.— The ex»ct opening and 

closing of tlie ports so aa 

to get the full effect from 

the Steam. 
7rH.— The Indioatoe delineato the trui; v 

of a Steam Engine, anabling the itta: 

of the greatest amount of powiir with tli 

eipenditnre of fuel. 

HopkiniOM' Patent Direct-acting Swivel-arm 
Bteom Engine Indicator. 

This Improved Steam Engine Ihwcator i 
mitted as being the best infltniment ever introduced for ^ 
the pnrposo ot aauertaining the working of a. Steam 
Engine, and recording accurate and faitbfnl dingrama. 
It is constructed on the first principles of applied 
mechanics, viz.-Direot Aotion-«nd is free from nU 
joints, slides, frictional porta, and complicated multiplying motions. The pis- 
ton is very much enlarged in area, with Buitsbly arranged spring*, and the 
light pencil arm is made to Bwivel on the top of the pUton rod by an ingenious 
arrangement of drop goiiUng bar and awivel guiding arm ; thus the pendl con be 
readily applied or removed from the paper on the revolving barrel, and diagrams 
taken with the greatest facility. Its durabiUty is aUo unquestionable. 

Each instnuneot is supplied with four springs ot ZOfte, SOtts, iOtts, and 
eOfts, with meaauring and dividing scales, complete in Lock-up MahoganyCase. 
Springe for holier prewaree made to ordwr. 

J. HOPKINSON & CO., ENGINEERS, 
BBITANZOA WOEKS, HXTUDEHSPIELD. 




noi^iciiTsoisrs' 

IMPROVED BOURDON 

STEAM PRESSURE & VACUUM GAUGE. 




fijSU'E hare pleosnre in inritin^ the 
VXHr attention of Marine and Stationary 
Engin«era, Boiler Makers, Owners, and 
tlie Trade generally, to oor Improved 
BourdoQ Steam. Preaaare and VacDnm 
Gauge, which we can recammend as being 
the best Dial Gaugo extant, both in CoH' 
stniction, Workmanahip, Accuracy, Dur- 
ability, and Appearance. 

Since the expiration of the patent for 
thia class of Gause, many parties have 
taken up this peculiar bran'^li of Engineer- 
ing, bnt the Ganges offered have, in moat 
cases, been of faulty conatraction and 
Bpurioua quality. 

Having for a number of years paid 
particular attention to this peculiar branch 
of Engineering, we can with confidence 
submit otir Zmprored Oauge aa 
auperior to any yet in the market, and 
even to those made by Bourdon himself. 

The Bourdon Gauge haa hitherto been 
oonstrueted with aeiinieci or brazed Tube, 
making it liable to split or crack in the 
seam, and aa the Tube in such Gauge was 
somewhat abort, tbe elasticity soon failed 
by the continued action, and insufficiency ' 
of the length and strength of the Tube. 



We use Bolid-diavm or Seamless Tube, which is drawn hard and I>«nt 
cold, thereby retaining its elasticity, and diapensiug with the liability to split or 
crsck, in the seam. The Tube is bent in the Scroll fomi, which allows of its 
being much stronger, and together with He extra length in thia particular form, 
makes the Gauge indei-d very sensitive. Eogineera and Boiler Makers will 
appreciate the miprovemrnts effected by the adoptiou of Solid-drawn Seamless 
Tubes. 

Each Tube will open out from 3 to 1 inclkes without strain, yet in actual 
'king does not move more than a quarter of an inch. Each Gauge is tested 
column of mercury ; and all the parts are made of brass, with open dial 
ig the inside. 

Pressnre Gauges are made ii 
plete with Tap and Syphon P 

complete with Tap and Coupling End, 



by a o 
ahowbi] 



continued OnUrs, 



HOPKimSONS' PAIsaNSBC 

MERCURIAL STEAM GAUGE, 

»PWABDS of 3,000 of which are 
alr*dy in use^ ami thoy are now 
adopted by Her Majesty's Gorerament as 
Test Gauges. 

Fot sinaplicity of construction, certainty 

ctioD, accuracy of indication, it ts fai' 

riot to any Gauge yet introduced, and 

ill be as efficient at Uie end of twenty years 



\. olura of Me j a tl e truest ndi- 
cator of the p-esaure ot ateam was first 
dopted by tl at meat n] over of Ihe Steam 
Bngine Jameb W att and fo the Low- 
pressu 6 Bnilers of his t u e, the s nipla 
Mercur al SypI on wl ch I e ntroduced, nas 
n 03t efiic ent aa an lud ator and best 
ailaptid for the wants of the t mes 

S nee the days of 'W AT howeve the 
us of high p essu e stea a has been con- 
tinually on the n rease le auso ot ts great 
e ononiy but to Hghjresau'e Bo lers the 
Low pretsu « Sj-phon C aug s nappl alilt. 
And though atten pts ha e been made to 

;t 

n. tances still the 
incoD en ent length of scale which tlie 
nil cat on of 1 gh pressure req^u res, has pre- 
vented the U8P of natmnienta upon this 
arrangen ent I the- Patented Me carial 
Gang howev M ^ s Hofk hsov have 
surmounted this 1 tberto form dable diffi- 
culty Vi hile th u Gauge is fo ined by the 
direct act on of on o^en oluian uf Me cuiy, 
th Bettering Apiaratua a upon a small 
s ale w thm the con pass of an o duiary dial, 
not m stakabie by the eye ot liable to 
lerangement, and ont of tha reach of tamper- 
u gs and ts accuracy can be tested at any 
um nt This les deratum has benn acconi- 
pbsl ed w tho t the a d or inte Tcntion of 
springs bent tnbea 1 vera wheel work, 
on 1 resaed a r elaat c boi! «s yielding V> 
presBnrt o any other nicely fitted philoso- 
jhical apparatus— beaat ful in tlie<H7 and 
tonstruLtiou, but msecuie and uncertain in 
practice. 

Upon none of these does the Patent 
Mercurial Gauge depend for its action, but 
only upon the direct weight of the open 
column, with the single and certain means of 
Tegistratiou. 

J: Hopkinson iCo., Engineers, 

BRITASJild WOUSS, aVDDEBSFIMLD 




Bcox>zE.x»rsonrs* 

Improved Water fiauge. 



(^HESE Water Gauges are of veiy 
anperior quality, baving laige 
and efficient Water Ways, not liable to 
be Boon choked and made up witlt dirt 
They are constructed with - or without 
Staffing Boxes <as required). The 
plugs are made large, and an veil 
fitted in the bamls to keep tight 
for a groat length of time ; whilst 
all the other parts aie made, suitable 
for their purpose. The metal is of 
very special qualitf, and the work- 
manship is the best that can bo pro- 
duced. Altogether it is made for 
practical working, and will give satis- 
faction to those who use it. 

The users of 3team Boilers cannot 
be too cautious about improperly con- 
structed Water Gauges, as many explo- 
sions have been the consequences of 
snch imperfections, and endless trouble 
in leakage arises from the slovenly 
manner in which they are made and 
fitted; therefore the most efficient 
ehonld be adopted — for a few shillings 
in the first cost ought not to be of 
more import«ice than a good article. Water Gauges as usually supplied are 
very inferior in quality, made for selling at a low price instead of being 
for practical use, and are not really suitable for their purpose. 




I^^ We rabmit this Qaugc as the best which can be had. 



<r 



J. HOPKINSON & CO., ENGINEERS, 
BBITAimiA WOBKS, EXmSEHSFIIiU). 
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